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METHOD OF COMPILING LARGE-SCALE SOIL AGRICULTURAL 


CHEMICAL MAPS FOR FERTILIZER 


APPLICATION 


. G. VAZHENIN, YE.T. MUZYCHKIN, Z.A. PROKHOROVA, and T.N. ALESHINA, V.V. Doku- 


hayev Soil Institute, Academy of Sciences, USSR 


Compiling large-scale chemical maps is one 
f the most important factors in the chemical 
ontrol of the correct and efficient utilization of 
gi fertility and of fertilizers added into the 
oil. 


During recent years, in association with the 
reat amount of work on large-scale soil map- 
ing, the compilation of these maps has attained 
vide significance; however, we cannot regard 
he level of this investigation as satisfactory in 
he qualitative sense. The maps being com- 
iled during soil investigations are schematic, 
ince they are prepared on the basis of a very 
imited number of analyses (one analysis every 
0-50 hectares or more). Consequently, pro- 
iles of chemical indices on the maps usually 
epeat the profiles of soil types or groups. 
‘hese schematic soil chemical maps may serve 
aerely as general recommendations for fer- 
ilizer application in farming, but they are not 
he basis for proper placement of fertilizers on 
otation fields and crops. To utilize efficiently 
oils and fertilizers among farms, detailed 
hemical soil maps should be compiled which 
xpress the chemical characteristics of indi- 
idual crop rotation fields and even of parts of 
ields, providing the history of land utilization 
fenure) on them differs. 


Despite a long-standing history of agricultur- 
1 chemical research in the USSR and large- 
cale mapping of soils (5), soil mapping pro- 
edures are Still entirely inadequate. The 
yllowing problems, for example, have not been 
tudied. 


1. How detailed soil chemical maps should 
e for various soil zones and how often soils 
hould be sampled for chemical analyses, which 
ill be sufficiently detailed and at the same 
me economically justifiable. 


2. General organizational principles of soil 
hemical investigations: selection, preparation, 
nd formulation of cartographic data; breakdown 
f soil fields into smaller (mapped) strips; soil 
ampling procedures (of mixed and individual 


1'Report at the All-Union Conference on the site 
jality and agricultural chemical characteristics of 
ils of the USSR, Moscow, December, 1959."' 
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samples), a system for recording results during 
field study and maintaining explanatory notes to 
the cartograms. 


3. Structure, system, and organization of 
analytical research in laboratories; devising ef- 
ficient methods for chemical analyses which are 
sufficiently accurate, rapid, and inexpensive. 


To resolve these problems, systematic 
studies have been made in 1958-1959 at 6 farms 
located on various soil groups: 


1. On sod-podzslic, medium, and coarse 
clay loams formed on fine clay loams (the 
Mikheykovskiy sovkhoz, Yartsevskiy rayon, 
Smolenskaya oblast', and the experimental farm 
of the Department of Biological Sciences, Academy 
of Sciences, USSR, "'Snegiri'', Moskovskaya 
Oblast’). 


2. On medium clay loam gray forest soils, 
formed on fine clay loams, (sovkhoz ''Pakho- 
movo", Tul'skaya Oblast' and the Uzunovskaya 
Experimental Station, Moskovskaya Oblast'). 


3. On medium clay loam chernozems of the 
forest steppe (kolkhoz imeni Vladimira Il'icha, 
Serebryanoprudskiy rayon, Moskovskaya 
Oblast', and the sovkhoz "Serebryanyye Prudy", 
Serebryanoprudskiy rayon). 


Principal objectives of our studies were: 
1) to study the relationship between the content 
of available forms of nitrogen, phosphorus, and 
potassium in soils and their genesis, cultivation 
state and land use; 2) to develop the spatial hetero- 
geneity (variegation) in the content of available 
forms of nitrogen, phosphorus, and potassium in 
soils; 3) to establish conformities between soil 
contours and chemical indices contours; 4) to 
compare results of studies on mixed and individual 


2A systematic study of agricultural chemical divi- 
sions (?), was a part of the complex studies being 
made by laboratories of the V. V. Dokuchayev Soil 
Institute, Academy of Sciences, USSR. The labora- 
tory concerned with large-scale mapping conducted 
at the same time a comparative study of various 
methods of large-scale soil mapping. A scale of 
1:10, 000 was adopted as the basic work scale for the 
soil maps and cartograms being compiled. 


I.G. VAZHENIN, ET AL 


Table 


1 


Comparative chemical characteristics of various soil groups 


Fertilizer application on farms 


Extensive use 


| n | p.o,| x0 


Intensive use 


| x | po | Ko 


pH 


Sod-podzolic 4,5—5,5| 5—-7 1743 | 10-—15| 4,56,0 |'5— 6 )42--151 142-15 
Gray forest 5,0—5,5 |: 5—-7|(3— 6)| 40—13 | 5,0—5,51:5—65| S—101|15—20 
Chernozem 5.5--6,0| 7—8 3— 0 11—10| 9,0--0,0| 5--7 |p o--7 1a 


4Basily soluble phosphates have been determined by the Chirikov method. 


Note: Comma represents decimal point. 
samples; and 5) to determine the minimum soil 
samples sufficient to compile large-scale soil 
chemical maps. 


To solve these problems, specific size (250- 
600 ha) land areas typical in the farm and soil 
sense were divided off at each of the farms. The 
farms studied in 1959 (""Snegiri'', Uzunovo, and 
sovkhoz "'Serebryanyye Prudy'') were character- 
ized by a higher agricultural level (better soil 
cultivation, presence of crop rotation, high 
fertilizer rates, and proper fertilizer utiliza- 
tion, crop varieties, better crop management, 
smaller harvest losses, etc.). Consequently, 
basic agricultural crop yields at these farms 
were 2 to 3 times higher than on farms of the 
first group (Mikheykovskiy sovkhoz, 'Pakho- 
movo'' sovkhoz, and kolkhoz imeni Vladimira 
Il'icha). 


An agricultural chemical study of soils was 
made on the following land use: plowed fields, 
abandoned land (pasture or hay field), and for- 
est. To study the plowland, strips of varying 
degrees of cultivation—high, average, and low 
—were selected. The plowlands were separated 
according to the degree of cultivation based on 
a study of the history of the fields and of soil 
productivity: ''the highly-cultivated soils" of 
house and garden crop rotations are the most 
fertile; the "low cultivated" soils are soils of 
strips furthest removed from settlements and 
only slightly fertilized and, consequently, least 
fertile. At each farm the principal land areas 
were assigned to the ''medium cultivated soils" 
which, by their properties, assumed a middle 
position. 


To solve the foregoing problems, we pro- 
ceeded by mapping these soils by hectare, i.e., 
beginning with the greatest soil sampling 
density. The results of this mapping have been 
compared with the mapping results when 1 soil 
sample is taken every 4-5, 9-10, 15-16 and 20- 
25 hectares. Soil samples were taken before 
adding fertilizers during the spring and sum- 
mer period, first, from fields covered with 
winter and early spring grain, and then, to- 
wards the end, from black fallow and fields 
used for row crops. 


Based on the analytical data obtained, soil 
chemical maps were compiled, and by use of 
statistics, appropriate calculations were made, 
reflecting the chemical characteristics of these 
soils in connection with their genesis, cultiva- 
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tion level, land tenure history, and land use. 


Table 1 presents chemical characteristics of 
plowed soils on farms of comparatively low 
agricultural practices and on farms having a 
higher farming system. We see from this table 
that from the average chemical indicators (nitro- 
gen, phosphorus, and potassium), all plowed 
soils—the sod podzolic, gray forest, and cher- 
nozems—are similar. By farm types the average 
chemical characteristics of soils were also 
closely alike. 


The reason for the comparative similarity of 
various plowed soil groups in nitrogen, phos- 
phorous, and potassium content is explained, ob- 
viously, by the relative similarity in agricultural 
practices employed in these zones. Consequent- 
ly, group differences in a plowed soil layer are 
considerably graded. 


It seems inconceivable at first glance that 
hydrolyzed nitrogen content was somewhat less 
in the second group of farms where manure and 
mineral fertilizers were systematically applied, 
while the content of phosphorus and potassium 
was approximately the same as in the soils of 
farms of the first group. As we have already 
pointed out, all agricultural crop yields on farms 
of the second group were 2 to 3 times higher. 
Since moderate amounts of fertilizer were also 
used on these farms, and there was a greater 
removal by crops of nutrient elements, no sub- 
stantial accumulation of phosphorus and potas- 
sium (on an average for the farm soils) took 
place, and even the nitrogen content decreased. 


We see from Table 2 that of all the soil 
groups the soils of abandoned lands used ordin- 
arily as pastures and hay fields, are most de- 
ficient in phosphorus and potassium. Systematic 
removal of nutrients by plants and a practically 
total absence of fertilizer have impoverished 
these soils and made them of low productive 
capacity. 


The plowed soils, as compared with soils be- 
neath the forest, were somewhat more deficient 
in hydrolyzable nitrogen. This may be the re- 
sult of the fact that plowlands have been exhaus- 
ted of available forms of nitrogen substances 
and that in the upper soil layer beneath the for- 
est a vigorous mineralization of plant litter takes 
place in the summer, which results in an increas 
in content of hydrolyzable nitrogen (soil samples 
in the forest were taken in June). Sod-podzolic 
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Table 2 


Content of available forms of nitrogen, phosphorus, and potassium in various soils 
(farms on low agricultural level) 


Soil 


Sod-podzolic soils, Mikheykovskiy sovkhoz, Smolenskaya Oblast’ 


Sod weakly-podzolic 4,5+0,5|0,8 
Sod moderately podzolic 7,6+0,7/1,3 
Sod weakly- and moderately er 

podzolic 6,8+0,3/0,8 
Sod moderately- and weakly 

podzolic 6,0+0;314,1 
Sod moderately -weakly-and 

strongly podzolic (complex) |6,6+0,3/|0,8 
Sod moderately podzolic ar 

(mixed forest 8,6+1,2) 2,8 


Sod moderately podzolic 
(abandoned land 


Gray forest soils, '"Pakhomovo" 


Light-gray podzolic 5,6+0,4(1,3 
Gray podzolic 7,2+0,511,5 
Light-gray gley 6,750,711 ,9 
Gray meadow 5,5+0,3|0,9 
Light-gray strongly- and 

moderately podzolic (complex) 5,4+0,5 | 2,2 
Light-gray strongly- and 

moderately-podzolic (com- 

plex, under forest) 8,2+0,6]1,4 


Light-gray podzolic, abandoned 
land 


Chernozems and dark gray forest-steppe soils, kolkhoz imeni 
Vladimira Il'icha, Moskovskaya Oblast'> 


Podzolized chernozems 7,2+0,5 1,8 
Leached chernozems 7,2+0,5/0,9 
Meadow chernozems 7,6+0,2)0,3 
Chernozem-meadow soils 7,6+40,3|0,9 
Dark gray forest soils (plowlan — — 
Podzolized chernozems (oak 

forest 9,5+0,8| 1,3 


Meadow-chernozem (aband. land) 


N (after Tyurin 
and Kononova) 


P,O, (after 


K,O (after 


Kirsanoy) Maslova) 
K Mim | o | K Mim | 0 | x 
48 (10,4+3,5/7,5( 72 |10,1+4,2] 2,8 | 28 
47 | 6,8+4,7| 4,6] 67 |11,4+1,0) 3,2 | 28 
42 | 9,1+0,9]4,9| 54 |13,3+4,2) 3,4 | 25 
48 }13,1+2,2/9,1] 69 |13,9+1,3) 6,0 | 43 
42 | 9,5+0,9}3,0] 32 }16,3+1,3) 4,4 | 27 
32 | 5,8+0,7|/2,3| 40 | 9,8+0,6) 1,8 | 18 
— } 2,2+0,3}4,5] 53 | 9,4+0,6} 3,2 | 34 
sovkhoz, Tul'skaya Oblast' 

22 ( 4,6+40,3/ 2,4) 52 110,3+0,3| 2 21| 24 
20 | 6,3-0,8] 3,3] 45 |23,7+3,8]15,4 | 65 
29 | 4,7-+0,£13,1] 66 |12,3+0,6) 3,8) 34 
16 | 4,1+0,4] 1,8] 43 |12,3+0,8) 2,8 23 
44 | 3,340,2]1,2| 37 |13,3+0,4| 3,4 | 25 
45 | 4,1+0,4] 2,3] 55 |21,6+0,1/ 0,5] 3 
— | 1,4+0,3]0,6] 53 | 8,6+0,3) 0,8 | 9 
25 | 4,2+0,4/1,3/ 30 (16,9+0,2; 1,8; 414 
42 | 3,40,2) 1,2] 39 |15,9+0,2) 1,0} 6 
4 | 4,7+0,4]0,8] 17 |16,5+0,5] 3,2 | 20 
42 | 3,2+0,1/1,4] 43 |10,9+0,5) 3,3 | 30 
— | 2,4+0,1/0,9| 38 |13,4+0,3] 2,2 | 16 
44 | 3,3+0,2/0,8| 24 /18,0+0,€) 2,4 | 13 
— | 2;6+0,1/0,5| 18 | 9,8+0,3) 1,4 


asymbols in the table are: M—arithmetic mean for n treatments; 6 —standard deviation = 


=+ 


| Note: Comma represents decimal point. 


oils of plowlands are richer in available (acid 
oluble) phosphorus and even exchangeable po- 
1ssium than are soils beneath the forest and 
oandoned land. Compared with these soils 

ie arable chernozems and gray forest soilsare 
sill more deficient in potassium, while the con- 
ent of phosphorus is approximately the same. 
hese differences, it seems, are explained by 
‘ss fertilizer applied on farms located on 
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. 6 

ope ; m—standard error = ~=— 

b n—1 n 
P,O; in chernozems determined by Chirikov. 


6-100 
M 


: K—variation coefficient = 


chernozems and gray forest soils. As a result 
of the extensive agricultural utilization of these 
soils the total effective fertility level (with 
respect to nutrients) has been lowered somewhat. 


From data in Table 2 we see that for all soil 
groups the variation of indices within each soil 
group is considerably greater than the differ - 
ences among arithmetic means which 


1.G. VAZHENIN, ET AL 


— 
—s 


= Uf =. 


Fig. 1. - Maps with contents of available phosphates in various soils, 1 = sod-podzolic soils 
(Mikheykovskiy sovkhoz); || - gray forest soils (''Pakhomovo!' sovkhoz); 111 - chernozem soils (kol- 
khoz imeni Vladimira Il'icha). 1 - less than 5 mg; 2 - 5 = 10; 3 = 10 - 15; 4 - 15 = 20; 5 - 20 - 


30 mg; 6 - more than 30 mg P70, per 100 g of soil. 


characterize these soil groups. The decrease podzolic soil and, conversely, the increase in 
in content of P,O, observed in sod moderately - the content of nitrogen, phosphorus, and potassit 
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ea 


Fig. 2. - Maps with contents of exchangeable potassium in various soils. See Figure 1 for explana- 
PIOUS sO fea Gaile cancel t tales lessmthane|Onmgsg2' = 10)— 15s 3 = 15 = 205) 20 2930-5 season 4O; 
6 - 40 - 50; 7 - more than 50 mg per 100 g of soil. 


n gray Wee soil is explained not by soil podzolic soils (during computation) is a profile 
genetic) characteristics but by agricultural used on the farm as a hay field and these soils 
-onditions. Thus, associated with moderately- are strongly impoverished in phosphates : 
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1.G. VAZHENIN, ET AL 


assigned to gray podzolized soils is a profile 
which is included in the farm crop rotation, the 
soils of which have a high content of nitrogen, 
phosphorus, and potassium. 


Of all soil groups the greatest variation is 
observed for phosphorus (coefficient of varia- 
tion 30%-80%); the variation is approximately 
half as much for potassium (K = 20%-35%) and 
even less for nitrogen. The greatest variation 
is characteristic of soils of the sod-podzolic 
group, less typical of gray forest soils and 
least typical of chernozem soils. 


The increased stability of mean values from 
sod-podzolic soils to chernozem soils is ex- 
plained by the decrease in soil complex, in- 
crease in soil humus content and increase in 
buffer-capacity. Also of importance is the 
fact that the role of fertilizers decreases 
relatively from north to south. 


If we consider the natural microvariegation 
in the content of these nutrients in the soil, 
mistakes in analyses (mass) and several other 
inevitable errors (during soil sampling, pre- 
paring samples for analyses, etc.), we can 
definitely say that the differences among soils 
within each soil group are not substantial. 
Thus, our investigations on plowed soils re- 
vealed no correlation between nutrient contents 
and soil differences. 


Consequently, based on the average chemical 
characteristics of the soil differences mapped, 
it does not seem possible to compile detailed 
soil chemical maps. The need arises for a 
more detailed development of the chemical 
characteristics of soils within each soil dif- 
ference in connection with the former history of 
land utilization. 


Effect of Soil Cultivation Level on the 
Variation of Chemical Indices 


Grouping of soils by degree of cultivation 
was based, as we have already pointed out, on 
the history of the soils and their productive 
capacity—agricultural crop yields for several 
previous years. When grouping soils by degree 
of cultivation, variation in the values of the 
elements studied is significant but is somewhat 
less than when grouping soils by soil groups 
(Table 3). Variation in phosphorus—the ele- 
ment which best expresses the degree of soil 
cultivation was particularly reduced. 


The differences in degree of cultivation are 
best of all expressed for sod-podzolic soils, 
somewhat less expressed for gray forest soils, 
and even less expressed for chernozem soils; 
consequently, the differences decrease with the 
intensiveness of fertilizer application. For this 
same reason the differences in degree of cul- 
tivation are more strongly expressed on farms 
having a lower agricultural level, where fer- 
tilizers are applied to fields in an extremely 
uneven manner and mostly concentrated on 
limited areas. 


In the sod-podzolic well-cultivated soils of 
the first group of farms (the Mikheykovskiy 
sovkhoz), the phosphorus content and potassium 
content are six and three times greater, res- 
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pectively, than in the same but impoverished 
soils. At the 'Snegiri’ sovkhoz well- and 
weakly-cultivated soils differ only by two to 

one and one half times, but they differ little in 
nitrogen. This is explained by the fact that on 
farms of the second group there were almost no 
soils entirely unfertilized. 


Great variation in the values of chemical 
indices and in grouping by degree of cultivation, 
especially for sod podzolic soils, is explained 
by the fact that on these farms there were in- 
cluded on the crop rotation fields allotted, strips 
having a varied history, and likewise, by the 
fact that often on one and the same crop rotation 
field not one but several crops were separated 
which were being cultivated and fertilized in 
different ways. And, another important reason 
is the uneven distribution of organic and mineral 
fertilizers across the field with usually more 
fertilizers being applied on field strips near 
roads. 


Considering all this, we have arrived at the 
conclusion that large-scale soil chemical map- 
ping should be carried out, based on a plan of 
land organization and use, i.e., on crop rotation 
fields. The crops on the field, and the previous 
history of land utilization on separate field 
strips must be considered. Figures 1 and 2 show 
maps of the phosphorous and potassium content 
in soils of individual fields of the Mikheykovskiy 
and "'Pakhomovo" sovkhozes, and kolkhoz imeni 
Vladimira Il'icha. A great variegation in the 
content of these elements in the soils is clearly 
expressed on the maps. Based on inquiries of 
people and corresponding documents (land 
organization plans of the pre-revolutionary 
period, and local plans before organization of 
kolkhozes) it was established that the variegation 
observed is directly related to previous history 
of land utilization. 


The greatest variegation in phosphorus and 
potassium content is noted on sod-podzolic soils. 
Here variations are expressed in 4 to 6 groups, 
from soils totally lacking in phosphates and 
potassium to soils of abundant phosphate and 
potassium saturation. For example, on sovkhoz 
fields situated east of the village of Mikheykov- 
skoye, the average phosphate content is 20-30 
mg P.O; and potassium 20-25 mg K,O per 100 g 
of soil. From the history of the lands of this 
sovkhoz, we know that these fields were sub- 
jected to greater fertilization and were more 
fertile even under kolkhoz land tenure. And, at 
present, these fields, spacious and conveniently 
located to roads and livestock farms, receive 
comparatively large amounts of mineral fertilizers 
and manure. At the same time, numerous distant 
fields situated northeast of the village are very | 
severely lacking in phosphorus and potassium. | 

A comparatively lesser, but still significant | 
variegation is observed in the gray forest soils 
(the ''Pakhomovo" sovkhoz). Ona four crop ro- 
tation field, the content of P,O,, according to 
Kirsanov, is 15-20 mg, while on certain strips 
the content of P,O, is 30-40 mg. On the fields 
far removed from the village the total P,O, con- 
tent is only 2-3 mg per 100 g of soil. The con- 
tent ot exchangeable potassium in the soil for a 
farm crop rotation is 20-30 mg, while on distant 
fields employing field rotation K,O content is 5- 
10 mg per 100 g of soil. Even on chernozem soil 
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Table 4 
Distribution of soil areas by content of available forms of phosphates and potassium, % of 
total area 
P,O, | K;O 
Area of mapped square in ha 
K,O in mg 
per100g} 1 4 9 16 25 |per 100g) 1 25 
of soil of soil 
Distribution of soil groups, % of total area 
Sod-podzolic soils, Mikheykovskiy sovkhoz 
<5 27 20 17 10 _ 40 31 30 30 16 40 
5—10 33 38 34 42 56 40—15 | 38 36 33 44 50 
40—15 11 45 24 16 8 45—20 | 16 20 26 32 40 
45—20 9 45 17 24 32 20—30 | 44 42 42 8 — 
S20) |0 45 16425 18 10 8 4 30 5 2/—-|-i1- 
Gray forest soils, ''Pakhomovo" sovkhoz 
<240 23 43 9 — — 10 34 28 23 44 8 
2,5—' 5,0} 37 9143™ [2.48 S915 65 ~19410-15)| 5048 a eOOm emo eee 
5s—10 27 29 38 41 35 15—20 9 45 16 18 22 
10—15 6 8 9 _ _ 20—30 3) 6 40 9 — 
>15 13 7 2 — — 30 2 2 1 aS ae 
Meadow-chernozem soils, kolkhoz imeni Vladimira Il"icha 

<3 32 35 24 22; 14 10 43 

3—5 42 39 49 59 66 10—15 |} 34 

5—7 45 14 147 44 16 45—20 | 23 

7—9 44 42 10 8 7 20—30 2 

>9 — a — — — 30 4 


Note: Comma represents decimal point. 


having a great potential fertility, and high buf- 
fer-capacity and less fertilized, we see a clear- 
ly expressed variegation in the content of avail- 
able phosphates and potassium. Ona farm- 
stead strip, in a former hemp field, the content 
of P,O,, according to Chirikov, is 10-15 mg, 
while the content of exchangeable potassium is 
30-50 mg per 100 g of soil. Ona 100 ha field 
adjoining the village and employing field rota- 
tion and used most often for row crops (potato, 
corn, and root crops) and consequently, 
systematically fertilized, the content of avail- 
able phosphates and potassium on an average 

is twice as much as in soils of fields removed 
from the village. 


Looking at Table 3 and Figures 1 and 2, we 
see that the decisive factor responsible for the 
variegation observed in the content of available 
nutrients in a plowed layer of cultivated soils 
is not so much the difference in the soils (groups 
and types) as the nature of the productive activi- 
ties of the human being—the system of agricul- 
ture predominant on farms and, especially, the 
system of fertilization. 


Soil Sampling Frequency in Detailed 
Chemical Mapping 


What should the minimum soil sampling fre- 
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quency be in order to describe sufficiently ac- 
curately the area under study? To what extent 
does this frequency depend upon relief, type of 
soil, degree of soil cultivation, and intensive- 
ness of cropping? 


Various instructions on this problem are 
given in handbooks on soil and soil chemical 
mapping. According to instructions for study’ 
of soils in the Ukrainian SSR (2), it is considered 
possible to compile chemical maps by taking one 
soil sample (one analysis) every 50 hectares. In 
the handbook prepared by the V. V. Dokuchayev 
Soil Institute, Academy of Sciences, USSR (4), 
it is recommended for chemical map compilation 
to take one soil sample every 10 hectares. In 
the Handbook of the All-Union Fertilizers and 
Soil Study Institute (VIUA) dealing with prepara- 
tion and utilization of soil maps at kolkhozes and 
sovkhozes of the RSFSR (3), it is pointed out that 
an area which is characterized by one mixed 
sample, should not be larger than 10 hectares. 

In the German Democratic Republic and in sever- 
al other People's Democracies (1), a mixed soil 
sample is taken from each hectare of plowland 

in compiling soil chemical maps. 


The foregoing recommendations have no ex- 
perimental basis. The indicated number of sam- 
ples replicates the number of profiles (holes, 
pits, and surface samples) being laid out during 
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Table 5 


Content of available phosphates and exchangeable potassium inmixed and individual soil samples 


PO, (after Kirsanov) 
Mixed 


orl eu Penh Peis 


Soil 


K,O (after Maslova) 
Individual | Mixed Individual 


m |x |m™ |x 


Sod-podzolic soils, Mikheykovskiy sovkhoz 


Sod-weakly podzolic 10,4 Tamer ASy2"| 80740 428 9,4 [39 
Sod-moderately podzolic 6,8 | 67 gt) |) Wal | GBLA ZA || Ae 9,8 | 40 
Bigs ies) and moderately-podzolic 

(complex 9,4 54 D.Un| BOO AO ale come Os onl oo 
Sod-moderately and weakly-podzolic 

(complex) 13,4 |; 69 | 14,9] 91] 13,9] 43 | 12,5 | 59 
Sod-moderately-podzolic (mixed 

forest 9,8 40 4,6 | 67 9,8] 18 7,2 |44 

Gray forest soils, ''Pakhomovo"' sovkhoz 

Light gray podzolized 4,6|{ 52 4,6 | 63°[ 10,3 [21 1:40,7 [23 
Gray podzolized 6,3} 45 6,8 | 58 | 23,7 | 65 | 23,2 | 60 
Light gray gley 4,7 | 66 4,6 | 66] 12,3 | 34 | 12,4) 314 
Gray-meadow 4,1} 43 ZALW || ZAM] GP sy | PRY i) 432) || 2A 
Light-gray strongly- and moderately- 

podzolic (complex) Reco ||) poy} 3,010 49 (813.0) )e conse. anlce 
Light gray strongly and moderately : 

podzolic beneath forest (mixed forest) 4eI 355 4,2] 23) 21,6 3 | 22,2 |16 


Chernozem soils, kolkhoz imeni Vladimira Il'icha 


Podzolized chernozems 

Leached chernozems 

Meadow chernozems 

Chernozem-meadow 

Podzolized chernozems beneath forest 
(deciduous) 


4,2 


© dip tco 


Note: Comma represents decimal point. 


soil investigations in accordance with map scale, 
and also replicates the number of local features 
based on soil surveying difficulty. The density 
(frequency) of soil sampling should differ for 
the various natural and farm conditions —one 
sampling frequency, for example, one sample 
every 10 hectares cannot be recommended for 
all zones and conditions. The number of sam- 
ples required to compile chemical maps should 
be increased as soil becomes more complex, 
fertilizer application more intensive and varied, 
size of farm fields smaller, and field history 
records less detailed. 


The results given in Table 4 have been com- 

uted as follows. A network of squares 2 x 2, 

x 4, 4x4, and 5 x 5 ha was plotted on a map 
which was mapped by hectare (see the foregoing). 
Based on analyses of individual samples taken 
from hectare plots, mean values of phosphorous 
and potassium content were computed for the 
corresponding squares. Then the squares (of 
the different areas) were divided into groups 
according to their content of available forms 
of phosphorus and potassium. 


30 4,14 | 271 16,9] 14 | 15,6 | 24 
39 15,9] 6 

17 3,8} 3] 16,5] 40 | 13,9 | 15 
43 4,4] 38] 10,9] 64 | 11,2 | 19 
24 3,0] 15 | 13,0 | 13 | 13,3] 8 


From Table 4 and by comparing the maps 
compiled (which are not given in this article) 
with the maps shown previously, we see that: 1) 
Soil sampling frequency should be increased as 
we proceed from chernozem to sod-podzolic 
soils; and 2) within the limits of an individual 
farm (in all zones) soil sampling frequency may 
vary depending upon the previous history of 
land use. 


On soils of the Mikheykovskiy sovkhoz, which 
is characterized by a great soil complexity and 
shallow soil profiles, and by the absence of a 
proper system of fertilizer application, soil 
chemical mapping should be carried out over a 
considerable part of the area by taking soil sam- 
ples every hectare. However, for a large area 
of the sovkhoz, as we have established (on 
slightly fertilized and impoverished fields), we 
can limit ourselves entirely to taking a soil sam- 
ple every 3-5 hectares. 


On the gray forest soils of the ''Pakhomovo"' 
sovkhoz, the map compiled with an index fre- 
quency of 4-5 hectares, practically repeats the 
map compiled on a per hectare basis. But on 
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farm crop rotation fields where fertilizers are 
applied in considerable amounts (but, as a rule, 
without any system), it would be advisable to 
map on a per hectare basis. At the same time 
on certain far-off scarcely fertilized fields we 
can limit ourselves in soil chemical mapping to 
taking one soil sample every 8-10 hectares. 


On fields of the kolkhoz imeni Vladimira 
Il'icha, despite a comparatively smooth relief 
and similar soil, we cannot confine ourselves 
to recommending any one soil sampling fre- 
quency for the entire farm. Over a large area 
of the kolkhoz one sample every 8-10 hectares 
is sufficient, but near populated points we should 
practically double the number of soil samplings, 
i.e., take one sample every 4-5 hectares. With 
lesser frequency no substantial variegation in 
the content of elements studied in the soil will 
be noted. 


We did not conduct systematic studies in the 
more southern steppe regions, which are 
characterized by an even smoother relief and a 
lesser fertilizer application, but there is no 
doubt that soil sampling frequency there may be 
even more reduced. But even on these soils on 
farms with intensive fertilizer application, for 
example, for sugar beets, high soil sampling 
frequency will be economically justified. 


Comparing Analyses of Mixed and Individual 
Soil Samples 


As was mentioned previously, individual 
soil samples were taken from each hectare to- 
gether with mixed soil samples (from 10 pairs 
of samples) on all fields studied. 


It is pointed out in all the handbooks on com- 
pilation of soil chemical cartograms that mixed 
samples must be taken for chemical analyses. 
It is assumed that this method will achieve a 
grading of natural variegation in the nutrient 
contents studied, a variegation common in 
such a heterogeneous and dynamic system as 
soil, and, besides, that the substantial effect 
on the analytic results of ''accidental" spots of 
an increased concentration of substances as the 
consequence of uneven fertilizer application and 
placement, will be eliminated. 


Table 5 presents the results of analyses and 
of mathematical calculation of many hundreds 
of mixed and individual soil samples taken on 
farms under study. 


By comparing the results of analysis we see 
that the arithmetic mean values of P,O, and K,O 
of mixed and individual soil samples were very 
Similar in most cases. Only for weakly pod- 
zolic soil did we observe a substantial differ- 
ence in phosphorus content. The coefficient of 
variation for individual samples was somewhat 
higher than for mixed samples. 


The closeness of the arithmetic mean values 
which characterize mixed and individual sam- 
ples is explained by the fact that the mean 
values given in Table 5 for individual samples 
are arithmetic means of a very large number 
(several tens) of analyses. Consequently, 
these and other mean values approach roughly 
in equal measure the actual mean value M, 
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characteristic of a given field or soil profile. 


Based on the principle of large numbers we 
ought to admit that M values of mixed samples 
approach closer the actual mean value M. In 
such a case it would be interesting to compute 
and compare the individual deviations in the 
analyses of mixed and individual samples taken 
per hectare. 


Figure 3 A and B represent graphically the 
content of P,O, and K,O in 25 individual soil 
samples, expressed in percent of phosphorous 
and potassium content in corresponding mixed 
samples (assumed, in each case as 100 percent). 
From the diagrams we see that: 


1) the value by which the results of analyzing 
individual samples differs from analyses of 
mixed samples increases from south to north, 
i.e., from chernozem soils to sod-podzolic soils; 
and 2) the amplitude (range) of fluctuation in the 
analyses of individual samples relative to 
mixed samples increases with the degree of 
"cultivation." 


Conclusions 


1. To utilize efficiently soil fertility and 
properly use fertilizers in agriculture we must 
compile detailed soil chemical maps. Maps 
must be compiled, in the first place, on farms 
with intensive fertilizer application—on sov- 
khozes and kolkhozes engaged in cultivating com- 
merical (technical) crops, vegetables and 
potatoes. 


2. Soil sampling frequency in compiling soil 
chemical maps should be increased as soil be- 
comes more complex, size of fields smaller, 
composition of crops in the field more diversi- 
fied, and fertilizer application more intensive. 
In accordance with the nature of the soil a satis- 
factory soil sampling frequency when the scale 
of soil maps is 1:10,000 would be as follows: 


a) within the sod-podzolic soil zone character- 
ized by dissected topography, great soil com- 
plexity, and considerable variegation in the ag- 
ricultural land use—one sample every 1-3 
hectares. 


b) within the gray forest soil zone, charac- 
terized by a moderately dissected topography and 
comparatively similar soil—one sample every 
3-5 hectares. 


c) within the forest steppe zone with meadow 
chernozem soils, podzolized and leached cherno- 
zems, with a slightly dissected relief and similar 
soils—one sample every 5-10 hectares. 


3. Within each zone, even within the confines 
of one farm, soil sampling frequency cannot be 
the same. In the case of extensive fertilizer ap- 
plication even on plowed up, impoverished 
fields, the number of soil samples may be re- 
duced, but on farms (or crop rotations) with in- 
tensive fertilizer application the number of soil 
samples, on the other hand, should be increased. 


Detailed soil chemical mapping, as a rule, 
should be carried out based on previous large- 
scale soil mapping. However, because the 
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Fig. 3. - Content of available phosphates (A) and exchangeable potassium (B) in individual soil sam- 
ples, expressed in percent of content of these elements in mixed samples. Sovkhozes: | - Mikhey- 
I!1 - imeni Vladimira Il'icha. Soils: 1 - weakly-cultivated; 2 - 


kovskiy; I1 - ''Pakhomovo!'; 
moderately cultivated; 3 - well-cultivated. 
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content of available forms of nutrient elements 
in a plowed soil layer expresses not only and 
not so much the genesis of soil, but, to a great 
extent, the productive activities of the man, the 
land organization plan, and the farm field, the 
principal production unit of crop rotation should 
be adopted as the cartographic basis for de- 
tailed soil chemical mapping of soils of kol- 
khozes and sovkhozes. 


Received March 21, 1960 
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MOST IMPORTANT RESULTS OF TEN YEARS’ STUDY 
BY THE DZHANYBEK STATION, ACADEMY OF SCIENCES, USSR 


A. A. RODE 


The Dzhanybek Station (first results of 
activities already described)! was organized in 
1950 as part of the Comprehensive Expedition 
on Problems of Field Shelterbelt Forestation, 
Academy of Sciences, USSR. 


The Station was established on a tract at the 
southern half of the State forest shelterbelt 
(GZLP) from Chapayevsk to Vladimirovka, 
intersecting the northwestern part of the Pri- 
kaspiyskaya lowland. The Station is situated 5 
kilometers southwest of the Dzhanybek Station 
of the Privolzhskaya railway and the rayon 
center of the same name of the Zapadno-Kazakh- 
stanskaya Oblast’. 


At the end of 1953 the station was transferred 
to the Institute of Forestry, Academy of Sci- 
ences, USSR, and in 1959 to the V. V. Dokucha- 
yev Soil Institute, Academy of Sciences, USSR. 


The initial objective of the station was to 
work out methods for cultivating shelterbelt 
plantations under the natural conditions of the 
semi-desert of the northwestern Pre-Caspian, 
as it applies to the Chapayevsk-Vladimirovka 
State forest shelterbelt. In 1953 at a time when 
the station had already made definite progress 
toward fulfilling the original objective, the 
direction and theme of its activities were ex- 
panded. A new policy was laid down, i.e., to 
devise methods for agiculturally reclaiming the 
semidesert of the northwestern Pre-Caspian. 
The initial objective was included as a whole 
in this new undertaking since the creation of 
tree-shrub plantations, which accumulate snow 
and thereby guarantee additional moisture, was 
one of the basic factors in the system of 
measures aimed at reclaiming a semidesert. 
The station is presently continuing its activities 
with this new objective in mind. 


Station research is being carried out by sci- 
entific co-workers from 4 institutes of the 
Academy of Sciences, USSR—the Forest Institute 
(now the Forest Science Laboratory); the Soil, 
Botanical, and Geographical Institutes. The For- 
est and Soil Institutes play the leading role. 


1a.A, Rode, ''Studies of the Dzhanybek Station of 
the Comprehensive Expedition on Problems of Field 
‘Shelterbelt Forestation."' Pochvovedeniye, No. 2, 
1952. 


About 30 scientific workers have participated 
in the Station's activities during the 10 years of 
its existence: geomorphologist D. L. Mozeson; 
hydrogeologist M. P. Raspopov; soil scientists 
M.M. Abramova, A.F. Bol'shakov, T. Ya. 
Kissis, G. P. Maksimyuk, V.B. Matskevich, N. 
S. Oreshkina, M.N. Pol'skiy, and A. A. Rode; 
botanists I. V. Larin, T.K. Gordeyeva, I. V. 
Kamenetskaya, I. N. Olovyanikova, and I. V. 
Syrokomskaya; zoologists N. Ya. Burnasheva, 
L.G. Dinesman, and K.S. Khodasheva; silvi- 
culturists S.N. Karandina, P.L. Lapin, and 
S.D. Erpert; physiologists Yu. L. Tsel'niker, 
and N. A. Khlebnikova; agronomist V. Ya. 
Metelev and others. 


The Dzhanybek Agricultural Meteorological 
Station organized in 1950 is working in close co- 
operation with the Station. 


In their research work the co-workers of the 
Station are continually striving to be compre- 
hensive, being guided at the same time by the 
principle of unity of nature which underlies the 
materialistic view on nature, and by the biogeo- 
synoptic doctrine of academician V.N. Sukachev, 
where this principle has found concrete expres- 
sion. 


During the first year of operation the Station 
was engaged in studying natural conditions, 
profiting by both literary data and its own new 
investigations. The results of studies by the 
Station belonging to the V. V. Dokuchayev Soil 
Institute, Academy of Sciences, USSR, which 
worked in the vicinity of Dzhanybek in the 1930's 
headed by V. A. Kovda with the assistance of A. 
F. Bol'shakov, greatly aided in enabling us to 
become familiar with natural conditions. 


The results of studying the natural conditions 
of the station are as follows. The climate of the 
station is described by the following indices (Fig. 
1). Mean annual temperature equals 6.9°C with 
fluctuations from 5.6°C to 9.1°C. Annual total 
precipitation equals 280 mm, 125 mm of which 
occurs during the cold months (October-March), 
and 155 mm during the warm period of the year 
(April-September). Relative humidity of air from 
May to September is 49%-57%. Average number 
of dry days (with a relative humidity of air be- 
low 30% even though for one observation period) 
is 64. Potential evaporation (computed by 
Davydov's formula) for April-October equals 
830 mm. The yearly value of the moisture 
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coefficient is 0.31, dropping in August to 0.12. 
Number of days with hot and dry winds during 
warm months is 80. 


An analysis of meteorological data has shown 
that a perennial cycle of operations (which is 
illustrated by Fig. 2 for annual total precipita- 
tion and annual value of potential evaporation) is 
characteristic of the climate of this region. 


The surface of the northwestern part of the 
Prikaspiyskaya lowland is made up of many 
meter layers of fine loess-like carbonate clay 
loam, very similar both in extent (space) and 
in its own layer. The water table is at a depth 
of 6-7 m in this layer. 


In character of relief the northwestern part 
of the Pre-Caspian is, generally, an ideal plain. 
Large valleys and lagoons, on the one hand, 
and a plain between valleys, on the other hand, 
are the basic surface elements which may be 
conditionally assigned to the elements of meso- 
relief. The large valleys and lagoons are 
closed flat-bottomed depressions with a relative 
depth of 1-2 m for the valleys, and 2-3 m for 
the lagoons. The valley area ranges from 1-2 
to 100 hectares and the lagoon area to several 
thousand hectares. A clearly expressed micro- 
relief is characteristic of the plain between val- 
leys. Elements of microrelief are first, hollows 


376 


or cirques—closed flat-bottomed depressions 
30-40 cm deep and with an area ranging from 
several tens to thousands of square meters; 
second, microelevations, which, by merging 
together, form a solid background; small flat 
hillocks —marmot knolls can be seen on them; 
and thirdly, microslopes linking the depressions 
to microelevations. 


The extent of erosional forms of relief is 
confined by narrow strips along a few river 
valleys (the Khara, Ashche-Uzek, Samoroda 
Rivers) and near the basins of Lake El'ton and 
the Khaki muds, where we encounter shallow 
short ravines. 


The foregoing forms of meso- and micro- 
relief play an unusual role in surface water re- 
distribution and, by it, affect also both the soil 
formation and the vegetation distribution on the 
various elements of meso- and micro-relief. 
Moisture redistribution begins in winter when 
far greater quantities of snow are accumulated 
in depressions than on micro-elevations. It is 
intensified in the spring when the melted snows 
rush into the depressions. According to station 
observations the spring increase of moisture 
storage in the soil is, on an average, for a 
7-year period, 100 mm on microelevations, 
140 mm on microslopes, and 320 mm in de- 
pressions. 
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Fig. 2. - Perennial variability of annual total precipita- 


tion and potential evaporation values during warm half-year. 


A - potential evaporation during warm months; B - precipita- 


tion, annual total. 


] - mean values; 2 - sums exceeding 


perennial mean; 3 - sums, below perennial mean; 4 - curve 
constructed from running 5-year mean. 


During certain spring periods we observe a 
flow of part of the melted snow onto lagoon and 
large valleys. This runoff is due to the large 
amount of precipitation during the previous 
autumn which causes soil wetting and the loss 
by soil of water permeability during freezing. 


Owing to such surface water redistribution 
in the depressions of meso- and micro-relief, 
a water regime of the periodic runoff type is 
created. Asa result, the soil contains no 
easily soluble salts. In the large valleys and 
depressions an abundant vegetation with a vari- 
ety of grasses is developed. The basic com- 
ponents of this vegetation are wheat grass, 
steppe grass, Lessing feather grass, and 
lucerne. In the depressions are found also 
wild-growing shrubs—2 species of spirea, leafy 
and crenate St. John's wort. Under such vege- 
tation are formed dark-colored soils, which re- 
mind us somewhat of leached chernozems having 
a well-developed humus horizon, containing up 
to 5%-6% humus with a thickness to 40 cm. 
Figure 3, A shows the salt profile of such a soil 
(a) and moisture distribution in the soil during 
spring and fall (b). These soils have a high 
natural fertility. Thickness of soil profile 
which is determined by the thickness of the 
layer inhabited by roots is 3 m or somewhat 
more. The mean value of annual moisture 
balance, including summer precipitation, in the 
depressions is 440 mm, 55 mm of which pass 
into ground waters while 385 mm is lost to 
evapotranspiration. There are no salts in 
these soils, except calcium carbonate. 
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On the microslopes the water regime is 
classed as non-leaching type. The greatest 
depth of wetting does not exceed 120-130 cm, 
while average depth of wetting is 60-70 cm. The 
principal components of vegetation are wheat 
grass, steppe grass, and pyrethrum. Beneath 
them is formed a soil of the light chestnut 
solonetz-like group. The salt profile of this 
soil and the moisture profiles during spring and 
fall are shown in Figure 3, B. Of the plants 
mentioned previously, the roots of wheat grass 
and steppe grass penetrate to a depth of 60 cm, 
while the roots of pyrethrum penetrate to a depth 
of 120-130 cm. The thickness of the soil pro- 
file is also determined by these latter values. 

On the lower boundary of the profile which 
desiccates activity of the pyrethrum roots, a 

low moisture—equal wilting moisture — is 
constantly maintained. Deeper, in the soil layer, 
the moisture gradually increases, and in the 4- 
meter soil layer the upper boundary of the capil- 
lary fringe of ground waters appears. Owing to 
such moisture distribution in the soil layer, a 
suction force gradient is created which is 
responsible for the very slow (owing to low mois- 
ture conductivity of the dry layer) but continuous 
upward flow of moisture from the ground waters. 
These ground waters have been somewhat 
salinized (to 6-7 g of salt per liter, primarily, 
sodium sulfate). 


Being drawn to the lower boundary of the soil 
layer, the upward flow moisture is drawn off by 
plants, whereas the salts are accumulated at 
this boundary. The annual moisture balance, 
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Fig. 3. - Soils of the plain between valleys. 
A - Dark colored soil; B - light chestnut soil; C - solonchak-like solonetz; 


a - salt profile; b - spring and fall moisture profiles. 


including summer precipitation, is, on an aver- There is no continuous wetting on microeleva- 
age, for a T-year period, equal to 260 mm, 10 tions either. The greatest depth of wetting is 40- 
mm of which pass into ground waters with the 50 cm with the average depth of wetting 25-30 

remainder lost to evapotranspiration. cm. Vegetation here consists of two components 
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Fig. 4. - Complex vegetation on the plain between valleys (depressions): 


Dark spots 


are black wormwood on -solonchak-like solonetzes; light spots are varieties of grasses 
on dark-colored soils of depressions. 


—black wormwood and Kochia. Beneath them 
are formed solonchak-like solonetzes, the salt 
and moisture profiles of which are depicted in 
Figure 3,B. The solonetz profile is made up 
of a top solonetz horizon several centimeters 
thick, a solonetz horizon 20-30 cm thick, a 
first sub solonetz salinized horizon, permanent- 
ly dry, with an original sand-shaped structure 
(despite a fine clay loam texture), a second sub 
solonetz salinized horizon, minus such structure 
with increased downward moisture, and a gyp- 
sum salinized horizon. The salt content in the 
two sub solonetz horizons are more or less the 
same and is 2.5%-3.0% of the soil weight, with 
a predominance of sodium sulfate in salt. 
Deeper, the salt content gradually decreases and 
in the 6-meter layer the salt content is as great 
as in the ground water saturating it. The salt 
content in ground water is 10-20 g per liter. 
The roots of black wormwood terminate at a 
depth no more than 50 cm, that is, immediately 
beneath the solonetz horizon. The roots of 
kochia extend to a depth of 2 or even 3 meters. 
The roots of saltwort sporadically found on 
solonetzes, extend even further, to 4.5 meters. 
Thus, the thickness of soil layer is roughly 3 
meters or somewhat more. Moisture is re- 
moved from this entire layer by the suction 
processes of kochia and halophytes. As a re- 
sult, a moisture gradient and, consequently, a 
suction force gradient, which here is the 
reason for the slow upward flow of moisture, 
are formed in the lower part of the soil layer. 
In contrast with light chestnut soil, suctioning 
of upward moisture takes place not only at the 
lower boundary of the soil profile but throughout 
the entire profile, as a result of which salts 
are accumulated in the entire profile. The 
water regime of solonchak-like solonetz is a 
combination of non-leaching with percolation. 
The annual moisture balance of solonetz equals, 
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on an average, including summer precipitation, 
220 mm; 10 mm of this pass into ground waters 
of vapor while 210 mm is lost to evapotranspira- 
ion. 


These are the soil characteristics of the 
plain between depressions (valleys) where the 
complexity includes ground waters, soils, and 
vegetation (Fig. 4). The contours of the indivi- 
dual components of soil and vegetation, as seen 
from the soil plan (Fig. 5), are small: their 
diameter is not more than 20-30 meters and 
frequently less. Approximately half of the 3 
principal components of the complex applies to 
solonchak-like solonetzes, a quarter to light 
chestnut soils, and a quarter to dark-colored 
soils of depressions. A stable ground-water 
complexity during which salinized waters over 
a distance of several meters are replaced by al- 
most fresh water is evidence of the absence of 
any noticeable general movement of ground 
waters, in other words, evidence of ground- 
water stagnation. 


Dark-colored soils are also being developed 
in large valleys (depressions) but beneath the 
humus horizon in these soils there is a clay 
forming horizon, enriched by clay particles. 
Solods are formed in the lagoons. 


As mentioned previously, the ground waters 
beneath all elements of meso- and micro-relief 
are, roughly, at one and the same depth—about 
6-7 meters. Only during the spring beneath de- 
pressions and during the flooding of valleys be- 
low them does the ground-water level,as a result 
of percolation from melted snow, rise forming 
cupolas beneath these depressions. These 
cupolas quickly disappear through spilling, and, 
partly, from the moisture being withdrawn by 
plants, which takes place beneath the depressions 
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and large hollows (valleys) and microelevations. 
There is no direct moisture withdrawn except 
beneath the microslopes. Thus, the balance of 
ground waters, as a whole, is determined by 
the moisture exchange between the ground waters 
and the atmosphere; moisture is removed solely 
through plants. This, obviously, explains also 
their depth (6-7 meters) which corresponds to 
the sum of the greatest depth of root penetration 
in the depressions and on microelevations (300- 
320 cm) and the thickness of the capillary 
fringe (also 300-320 cm). If in years or long 
standing periods of increased precipitation and 
increased infiltration into ground waters the 
ground-water level begins to rise, the moisture 
being drawn from the ground waters by plants 
will be intensified, which will automatically 
lead to an accelerated decrease in the level. As 
soon as the level drops to 6.5-7.0 meters, the 
upper boundary of the capillary fringe will break 
away from the lower boundary of the layer in- 
habited by roots, and the ground water removal 
by suction will be lowered and the drop in 
ground-water level slowed down. 


The type of water regime for the foregoing 
soils, which make up the soil of the semidesert, 
is determined by two factors: on the one hand, 
by the position which soil occupies in the meso- 
or micro-relief, and, on the other hand, by the 
biological characteristics of plants growing on 
it, principally, the depth of plant-root penetra- 
tion. 


These, in short, are the natural conditions 
of the Dzhanybek Station. 


The farming in the area has been predomin- 
antly livestock (chiefly sheep palsiig) for a long 
time. In addition, animal husbandry has been 
based until recently, almost entirely on the 
utilization of natural vegetation year-around 
pasturage with a very small amount of hay 
mowing. Thus, during winters characterized 
by a large snow cover, severe ice crusts, etc., 
when the natural vegetation becomes inacces- 
sible, we frequently observe here a mass 
dying-off of cattle due to lack of feed. The 
rapid development of animal husbandry at 
present urgently demands total reconstruction 
of the feed base, which can be realized only by 
extensively introducing forage crop culture to 
silage and hay. However, we can also achieve 
much by the efficient utilization of natural 
vegetation. A study was made at the station 
over a 5-year period by a group of botanists 
headed by academician I. V. Larin, on the pro- 
ductiveness of this vegetation. It was shown 
that we can obtain 5-6 centners per hectares of 
feed (converted to dry mass) by rotating 2-3 
times-a-year grazing with once-a-year grazing, 
provided we introduce a 5-year pasture rotation. 
In addition, about one hectare of pasture land 

is required for one sheep. 


Farming has existed here for a long time, 
but, until recently, has been based chiefly on 
the utilization of large valleys, the total area of 
which is only about one-tenth of the entire ter- 
ritory. Grain crops (chiefly wheat) and melons 
have been planted in the large valleys; fruit 
gardens have been created. The absence of 
proper agricultural technology and fertilizer 
application has led to the fact that soils of the 
large valleys have lost to a large extent the 
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high natural fertility characteristic of them. 
This is particularly caused by the fact that they 
are overgrown with annual and perennial weeds. 
But, irrespective of this, the total area of large 
valleys cannot satisfy the rapidly growing de- 
mands of agriculture. Therefore, in recent 
years the soils of solonetz complex have begun 
to be plowed in elementary fashion, employing 
the usual farming practices with the complete 
absence of any land-improvement measures. 

By utilizing soils thusly, a satisfactory harvest 
can be obtained only during years of great mois- 
ture, that is, an adequate harvest, at best, 
twice in 10 years. During the remaining years 
the harvest is negligible. 


An analysis of the foregoing natural conditions 
shows that we must carry out two principal 
practices for a successful agricultural reclama- 
tion of the soils of solonetz complex: first, 
melioration (desolonetzization and desalinization) 
of solonchak-like solonetzes which cover half of 
the entire plain area between valleys (depres- 
sions) and, secondly, additional moisture neces- 
sary on the one hand, to carry out successfully 
the meliorative process and, on the other hand, 
to increase moisture supply to plants. 


The station has been working and is continuing 
to work towards realization of these two prac- 
tices. In line with this the plain between the 
valleys (depressions) with its complex soil and 
vegetation has been, and continues to be, the 
most important objective of the research and 
experimental activities of the station. The 
large valleys (depressions) are the second most 
important objective. 


A study of the natural conditions has enabled 
us to observe by the end of the first year of sta- 
tion activities the basic methods for carrying 
out the foregoing practices. For reclaiming 
solonchak-like solonetzes, the method proposed 
in the 1930's by V.A. Kovda and A. F. Bol'- 
shakov was chosen, which consisted of utilizing 
gypsum found in the solonetzes at a depth of 35- 
50 cm for desolonetzizing the solonetzes. Cal- 
culations based on chemical analysis show that 
this gypsum content is 15-20 metric tons per 
hectare and these gypsum amounts are fully 
adequate for replacing the total exchangeable 
sodium. We can utilize gypsum by deep plowing 
to a depth of 50 cm, which brings the gypsum 
into the plow layer. Plowing to a depth of 20- 
22 cm should precede deep plowing in order to 
assure the best mixing of the soil mass in the 
plow layer, and, after deep plowing, we should 
cultivate the soil with heavy disc harrows (so 
as to mix the soil and level the plowland surface). 


There are no surface or underground waters 
in this region which can be used for irrigation. 
Therefore, additional moisture can be obtained 
only through snow accumulation, which is pro- 
moted by severe winter winds, causing the snow 
to be shifted in large quantities. Planting tree- 
shrub windbreak rows of narrow few-row strips 
laid out more or less perpendicularly to the pre- 
vailing direction of winter winds has been 
recognized as the best principal means of ac- 
cumulating snow. In this case planting rows in 
a meridional direction would be most beneficial. 
As an auxiliary means of snow accumulation, 
which would be advisable during the first few 
years, when the tree shrub rows are still small, 
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Fig. 6. - Ten year-old 3 


Table 1 


Mean water content in snow before snow 
melting, mm depth of water 


steppe 


4952 88 445 128 428 
4953 422 160 476 232 
1954 44 96 86 109 
1955 No stable snow cover 

4956 170 490 450 445 
4957 40 70 78 73 


Mean | 93 | 192 | 184 | 197 


we could use cover-strips of tall annual crop 
plants (sorghum, sunflower, etc.). 


The station began experimental research in 
1951. For this research a 2-kilometer seg- 
ment of the Chapayevsk-Vladimirovsk State 
Forest Shelterbelt (GZLP) was selected con- 
sisting of 4 strips about 60 meters wide with 
300 meter spacing between strips. Besides 
this segment of GZLP, the station was assigned 
a 190 ha strip from the state land reserve of 
the Dzhanybekskiy Rayon. 


In 1951, 3,5, and 7-row strips were laid out 
over an area of about 7 hectares. The excel- 
lent growth of these rows in the first year, . 
which was characterized by not too favorable 
weather conditions, provided a basis for en- 
larging the experimental area to 30 hectares in 
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row strips of 1951 planting on soils of a solonetz 
comp lex. 
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Fig. 7. - Masses of fine (finer than 1 mm in 
diameter) roots, in g/m (in a 10-cm layer), 
of a small-leaf elm on reclaimed solonchak- 


like solonetzes in the sixth and tenth year. 
the following year. This area has continued to 
expand each year. 


After 1953, in connection with the above- 
mentioned change in the principal objective of 
the station, the station could be no longer satis- 
fied with only a strip of the State Forest Shelter- 
belt (GZLP) because this strip did not meet the 
requirements of agricultural production. There- 
fore, in 1955, the station set up another experi- 
ment on the soil of a nearby kolkhoz ''Pobeda,"' 
in the Pallasovskiy Rayon, Stalingradskaya 
Oblast', over a 114 ha area under kolkhoz agri- 
cultural production conditions. Twenty three- 
row kilometer segments (sections) were planted 
on this strip in 1955 and 1956. At present, the 
total area of soils of solonetz complex covered 
by experiments is 172 hectares. Forty-four 
hectares (converted for dense planting) contain 
various tree shrub plantings. 


All experimental activities at the station 
were accompanied by various observations and 
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A - under 3-row strip; B - under area between strips, covered by annual crops, 1959. 
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analyses. Most important of these were ob- 
servations on the snow cover, water, salt and 
gas regime of soils, growth and development of 
tree plantations and agricultural crops, study 
of root systems of tree and shrub plants and 
annual cultivated crops, observations on the 
transpiration of these plants, their water 
regime, photosynthesis, etc. 


The foregoing experiments have enabled the 
station to establish and demonstrate the vital 
nature and productive expediency of the semi- 
desert reclamation system being developed by 
the station. An analysis of several species has 
shown that small-leaf elm from the tree species, 
golden currants, Tatar honey suckle, and 
narrow-leaf Russian olive from the shrub 
species, are the most suitable for initial cul- 
tivation on soils of solonetz complex. Golden 
currants, moreover, begin to bear fruit in the 
third or fourth year, yielding a large harvest 
of berries only slightly inferior in quality to 
black currant. 


These species on the experimental strips of 
the station also constitute a large part of the 
plantings. Three-row strips, which in no way 
were inferior in snow accumulation to the 5- 
and 7-row strips were recognized as the most 
expedient of all the row types studied. Experi- 
ments are presently being conducted on 1 and 
2-row strips. 


In a production experiment where annual 
plants were begun to be sown in the third year, 
heights of 250 cm were reached in the fifth 
year. Figure 6 shows the present-day picture 
of rows planted in 1951. The roots of small- 
leaf elm on reclaimed solonetzes reached depths 
of almost 200 cm in the sixth year after planting 
the rows and 300 cm in the tenth year, as seen 
in Figure 7. 


We can determine to what extent the rows 
have fulfilled their basic purpose by the water 
storage in the snow in the open steppe and among 
rows before the snow melted (Table 1). 


The rows, on an average, double the water 
content; the soil acquires roughly an additional 
100 mm of moisture in the area occupied by the 
rows and by the spaces between the rows. As 
a result, the water balance of reclaimed 
solonchak-like solonetzes reached on an average 
for 4 years, including summer precipitation, 
290 mm that is, an increase of more than 100 
mm. This increase in moisture rotation also 
guarantees, on the one hand, an excellent 
growth of the rows themselves and, on the other 
hand, the success of the meliorative process 
and, thirdly, the possibility of cultivating agri- 
cultural crops on areas between rows. 


The rate of the meliorative process can be 
determined from the following data. Water 
permeability of solonchak-like solonetzes, 
which is one of the clearest indicators of the 
influence of solonetzization, has appreciably in- 
creased. The intake period for a standard quan- 
tity of 50 mm of water is reduced from 50 to 17 
minutes, and of 100 mm from 1 hour and 40 
minutes to 33 minutes, that is, in both cases, 
reduced to one third. 


The salts in a profile of solonchak-like 
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solonetzes noticeably move downwards, as seen 
by comparing Figure 8 with Figure 3,B. In addi- 
tion, the greatest leaching of salts has occurred 
beneath the 3 row tree-shrub strips (Fig. 8, A) 
where the 2-meter layer of soil has been com- 
pletely leached of the chloride ion. The maximum 
chloride ion content dropped to the fourth meter 
layer in the fourth year and to the fifth meter 
layer in the eighth year, with the total maximum 
salt content also removed to the fifth meter layer. 


Salts were leached less deeply beneath the 
area between rows (Fig. 8, B) where annual 
crops were being cultivated. Here the maximum 
salt content dropped to the second meter layer; 
only the top meter layer was almost completely 
leached of the chloride ion while the maximum 
chloride ion content moved into the third meter 
layer. No noticeable downward movement of 
salt occurred beneath perennial grasses sown in 
the year following meliorative plowing. 


Physiological studies have shown that the 
transpiration rate of tree and shrub plants de- 
pends, in the first place, upon the moisture sup- 
ply in the top 2-meter layer of soil. The drying 
up of this layer causes a sharp reduction in the 
rate of transpiration even when (as happens on 
large valleys [depressions] with nonsalinized 
soils) the plants can utilize moisture from the 
capillary fringe of ground waters. Therefore, 
the transpiration rate curve undergoes a sharp 
drop in June and is then kept at a low level. 
However, the moisture supply from the capillary 
fringe guarantees stability of moisture content 
for leaves, and more active stoma activity dur- 
ing the period when there is no longer any avail- 
able moisture in the top 2-3 meter layer of soil. 


The presence of salts in the soil solution dur- 
ing low concentration causes an increase in the 
suction force of osmotic pressure of a cell fluid 
in root cells. With a higher concentration a 
toxic action of salts develops which causes a de- 
crease in root activity. 


The rate of transpiration and photosynthesis 
is directly related to the moisture of the top half 
meter layer of soil. A sudden change in both 
these values is observed when the moisture 
crosses 70% of the value of minimum moisture 
capacity. 


The Station began experiments on planting 
agricultural crops on reclaimed soils of solonetz 
complex on its own strips in 1954 and on the pro- 
duction experiment strip at kolkhoz ''Pobeda" in 
1958. A number of crops were studied of which 
we shall mention the most interesting. Spring 
wheat yielded a harvest of 6.8 cntr/ha in 1954; 
15.3 entr/ha in 1956; 14.0 cntr/ha in 1958 and 
15.0 cntr/ha in 1959. All were grain yields 
from an area of 2-3 hectares. Especially sig- 
nificant is the 1959 harvest (Fig. 9) when a total 
of 25 mm precipitation fell during the vegetative 
stage of wheat and the yield was 15.0 entr/ha. 
Neighboring kolkhozes even on soils of large 
valleys, obtained during this period no more than 
5-6 entr/ha. 


_ Experiments were conducted twice with peren- 
nial grass mixtures. The first time, the grasses 
were sown immediately after deep plowing with 
rows of sorghum, which were also sown in the 
second year, after which snow retention (ridging) 
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Fig. 9. - Spring wheat on reclaimed soils of solonetz com- 
plex in 1959 (eighth year after meliorative plowing) among 


rows planted in 1952. 


was no longer carried out. Hay yields in 7 con- 
secutive years were 6.7, 26.0, 15.0, 10.0, 

17.4, 6.0, 12.0, an average of 13.3 cntr/ha. In 
the second experiment which was set up between 
tree-shrub strips in the fifth year following 
start of melioration, hay yields were, for 3 
consecutive years, 9 cntr/ha (first year); 26 
entr/ha (second year); and 42 cntr/ha (third 
year) from an area of about one hectare. In 
small plot experiments the following hay yields 
were obtained: Sudan grass 41 cntr/ha; sorghum 
28-38 cntr/ha; corn 22-38 cntr/ha. Sugar beets 
yielded 98-131 cntr/ha, From these values we 
see that on soils of a solonetz complex being 
reclaimed in the manner proposed by the station, 
we can obtain very satisfactory yields almost 
every year, except when there is no stable snow 
cover. This happens approximately once every 
10 years (for the period of station operation 
1955 was one). 


Observations on the water regime of re- 
claimed soils showed that the foregoing wheat 
yields require 250-300 mm moisture (total 
consumption). Considering the fact that total 
precipitation during the wheat vegetative stage 
is about 75 mm and during the fall-winter- 
spring period 125 mm, we see that we must 
provide an average of about 100 mm additional 
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Yield is 15 centner per hectare. 


precipitation. This amount, as we have seen 
previously, is being provided by snow accumula- 
tion by tree-shrub rows. 


As mentioned previously, the large valleys 
(depressions) were the second objective of station 
research. Eighteen hectares of various experi- 
mental plantings were established on the large 
valleys: pure crops of 12 tree and shrub 
species (3 hectares); oak (4 hectares); fruit 
garden (2 hectares); dendrology park (6 hectares), 
etc. 


The main purpose for planting oak was to 
study this valuable species in detail under given 
soil and climatic conditions. Experiments with 
different systems of planting acorns and seed- 
lings of various geographic origin were ac- 
companied by detailed silviculture, physiological, 
and other studies. It was discovered that oak on 
dark-colored soils of large valleys (depressions) 
is a species with great prospects for green 
plantations and for meeting local requirements 
for oakwood. Oak fruiting under these conditions 
began in the fifth year. 


A climatic analysis of about 150 varied forms 
of tree and shrub species is being made in the 
dendrology park. The results permit us to 
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recommend a number of valuable species (for 
landscape purposes) for green plantings on 
large valleys. 


Much comprehensive research by silvicul- 
turists, physiologists, and soil scientists has 
been carried out on the pure stands of tree 
species for studying moisture requirements, 
growth, and development and water regime of 
plants, related to several species. The charac- 
teristics of these species in given relationships 
have been developed, affording us a sound 
basis to recommend them for various require- 
ments. It has been established that the crea- 
tion of tree plantings on dark-colored soils of 
large valleys radically changes the type of 
water regime of dark-colored soils: periodic 
leaching is replaced by suction-seepage. Recom- 
mendations have been made on the problem of 
the safe maximum valley (depression) area 
which can be planted with trees without fear of 
inducing an influx of salinized water from 
under the neighboring strips on the plain be- 
tween valleys. 


Observations, being conducted in the fruit 
garden, on the growth, development, and 
phenology of various varieties of apples a 
varieties); pears (6 varieties); cherries (7 
varieties) and their fruiting provide objective 
data for selecting varieties suitable for local 
conditions. The garden began to bear fruit in 
the eighth year. 


Experimert s on planting annual and perennial 
forage crops from which very high yields were 
obtained were conducted on dark-colored soils 
of the large valleys by a group of coworkers of 
academician I. V. Larin (A.G. Babich, V. Ya. 
Metelev, Khuan Ven'-uy). Thus, Sudan grass 
yielded 63 cntr/ha of dry mass, alfalfa 43 cntr/ 
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ha in the second year, and 75 cntr/ha in the 
third. Awnless bromegrass yielded 36 cntr/ha 
in the second year after planting and 49 cntr/ha 
in the third year. Desert wheatgrass yielded 37 
and 69 cntr/ha, respectively, in the second and 
third years; a grass mixture of alfalfa + wheat 
grass +bromegrass yielded 13 cntr/ha during 
the year of planting, 39 cntr/ha in the second 
year and 83 cntr/ha in the third. The different 
varieties of sorghum yielded between 49 and 102 
cntr/ha. All these data show that planting forage 
crops on dark-colored soils of large valleys (de- 
pressions) can be an enormous help in resolving 
the feed problem. 


Future objectives of the station in the field of 
scientific investigations include, first, a long- 
term study of the rate of the meliorative process 
beneath various vegetation with varied farming 
practices and combinations of weather conditions, 
and, second, a study of the growth and develop- 
ment of tree-shrub plantings and of annual crops 
and the productiveness of these crops in connec- 
tion with the salt and water regime of soils. The 
results of these studies will make it possible to 
perfect the semi-desert reclamation system be- 
ing devised by the station. 


In addition, we will have to work out such 
problems as the width of the rows, the width 
most suitable for areas between rows, testing 
new species of tree and shrub plants on reclaimed 
soils of solonetz complex, and also, new species 
of agricultural crops. 


Finally, the system of semi-desert reclama- 
tion being proposed by the station, should go 
beyond extensive testing under production ex- 
periment conditions and begin to be put into 
actual practice. 


AGRICULTURAL CHEMICAL CHARACTERISTICS OF SOILS 
OF THE MOSCOW RIVER FLOOD PLAIN (BOTTOM LAND) 


L.I. KORABLEVA, V.V. Dokuchayev Soil Institute, Academy of Sciences, USSR 


In connection with the organization in the 
Moskovskaya Oblast’ of large-scale specialized 
sovkhozes, many of which are on flood-plain 
soils, the detailed study of flood-plain soils 
has taken on great practical significance. 


The present study offers data on chemical 
investigations of Moscow River flood-plain 
soils. These investigations were begun in 1951 
at the lower course (Faustovskoye extension 
fields of the kolkhoz imeni Stalina) and con- 
tinued subsequently over the entire Moskvo- 
retskaya flood-plain. 


Soil samples for chemical studies were se- 
lected bearing in mind to obtain data both on 
soil characteristics of the genetic zones of the 
flood-plain (along the river, central, and terrace 
flood-plain) and on the characteristics of changes 
in soil properties lengthwise, along the course 
of the Moscow River, from the upper reaches 
to its mouth where the Oka River joins. On 
the most typical segments and expansions of 
flood-plain (most frequently cultivated for veg- 
etable or forage vegetable crop rotations) pro- 
files have been laid out (in a direction from the 
river bed to the first terrace above the flood- 
plain) and soil samples taken from the genetic 
horizons of the soil profile. For mass analyses 
(determination of available forms of nitrogen, 
phosphorus and potassium) mixed soil samples 
were taken, for the most part, from the plowed 
layers of flood-plain soils. Soil analyses were 
made by the senior laboratory worker G. A. 
Achkasova. 


At the upper course (to the village Tuchkovo) 
the Moscow River runs in a comparatively nar- 
row and shallow water channel. Noticeable 
flood-plain expansions (Aksin'inskoye, Rublev- 
skoye, Tushinskoye expansions) set in only 
after the city of Zvenigorod. The largest mas- 
sifs of flood-plains are found at the lower course 
of the Moscow River (below Moscow) where 
there is a fairly wide, well-developed river 
valley, and where the river forms several 
large lake-like expansions (the Bykovskoye, 
Ramenskoye, Faustovskoye and Kolomenskoye 
expansions ) having a diameter of 5-8 kilo- 
meters, 


The along-the-river-side, the highest part 
of the Moscow River flood-plain, is made up 
of stratified sandy-silty or coarse clay loam 
alluvium underlain with sand and sandy loam. 
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Here sod, silty-sandy loam and coarse clay 

loam soils with a thin humus horizon, a blocky, 
granular, unstable structure and a clearly ex- 
pressed stratified structural profile are formed. 
With a sufficiently deep occurrence of soilground 
waters the water regime of the river bed flood- 
plain soils depend upon surface wetting by at- 
mospheric precipitation. At the middle and lower 
course of the river the river bed flood-plain has 
been cultivated and reclaimed for vegetable and 
forage-vegetable crop rotations. 


The central-flood plain has a slightly undulating 
surface composed of clay loam and clay alluvium. 
Sod-meadow and meadow medium and fine clay 
loams under optimal conditions of wetting by 
surface and ground waters form the soils of this 
part. The soils of the central flood-plain are 
characterized by a higher content of humus and 
nutrients, a greater adsorption capacity, a 
stable granular structure, and, as arule, a 
presence of gleying signs. The central flood- 
plain has also been partially cultivated, with 
a large part of the flood-plain continuing to re- 
main as hay fields, and highly valuable meadows. 


Meadow bog fine clay loams formed under 
excessive moisture conditions are wide-spread 
in the terrace flood-plain adjoining the first 
terrace above the flood-plain. A large part 
of this flood-plain is covered with inferior 
meadows, in the grass stand of which hair grass, 
meadow grass, reed grass, and other plants are 
predominant. 


Soils in the Moscow River flood-plain possess, 
in most cases, a neutral or even weakly alkali 
reaction (pH of water suspension from 6. 1 to 
7, 2-7. 3) and a high base saturation (calcium 
and magnesium from 11. 7-14. 5 to 36. 3-58. 6 
meg per 100 g of soil). 


Content of Humus, Total and Hydrolyzable 
Nitrogen in Moscow River Flood-Plain Soils 


Optimal conditions of water-air and nutrient 
regimes in the river flood-plains are conducive 
to development of a grass vegetation and ac- 
cumulation of organic matter in the soils. Con- 
tributing to this, too, is a periodic deposit of 
silt, rich in plant nutrients, and a neutral re- 
action indigeneous to the flood-plain soils under 
study. 


Numerous analyses of the Moskvoretskaya 
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A - humus; B - nitrogen; C - phosphorus. 
flood-plain; b - central flood-plain. 


lower course. 


flood-plain soils were made for humus content, 
and the humus contents were computed through- 
out the soil profile for various flood-plain seg- 
ments. (Table 1 and Fig. 1-A).} 


At the upper and middle course of the Mos- 
cow River (above Moscow) on flood-plain strips 
which have largely escaped the conditions of 
inundation and alluvialness, humus content 
throughout the soil profile along-the-river- 
side and central flood-plain varies between 
2.2% and 2. 7%. 


At the lower course (on a flood-plain segment 
from Moscow to the village Ryblovo) humus con- 
tent increases up to 2. 8%-3. 3% in sod, silty- 
sandy loam soils along-the-river-side flood- 
plain, and up to 2. 4%-3. 4% in sod, meadow, 
and meadow-medium and fine clay loam soils 
of the central-flood plain. The humus forma- 
tion processes are expressed most intensively 
in soils of the Faustovskoye and Kolomenskoye 
expansions (near the river mouth) famed for 
their highly valuable meadows and subject to 
annual flooding by melted snows. Along with 


*In computing contents of humus, nitrogen, phos- 
phorus and potassium, mean bulk densities were 
assumed with variations between 1.19 and 1.28 in 
sod, silty-sandy loam, and coarse clay loam soils 
and between 1.11 and 1.22 in meadow medium and 
fine clay loam soils. 
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a - along-the-river-side of 
| ="upper-course: sh) Tle iv = 


the vigorous development here of grass vegeta- 
tion, a deposit of alluvium containing mixtures 
of organic residue and humus likewise favors 
humus accumulation in the soils of these ex- 
pansions, 


From analytical data the humus content in 
the soils of the Faustovskoye and Kolomenskoye 
expansions vary, on an average, between 4.0% 
and 5. 5% which exceeds 2-2. 5 times or more the 
humus content in soils of the higher flood-plain 
strips. 


As a whole for the Moskvoretskaya flood- 
plain soils, we should note the higher rate of 
humus-formation processes, which is far from 
being indigeneous to non chernozem zone con- 
ditions. If humus contents in a meter layer of 
podzolic soils amount, on an average, to 102 
metric tons/ha (1) then the humus contents in 
the soils for most of the Moscow River flood- 
plain strips examined (Fig. 1-A) equal 250- 
400 metric tons/ha. About one third of this 
content (in contrast to sod-podzolic soils) is 
concentrated in the top soil layer (0-20 cm); 
the remaining humus is distributed more or 
less evenly throughout the entire profile of 
flood-plain soil. 


On flood-plain segments near the mouth of 
the Moscow River (the Faustovskoye and Kolom- 
enskoye expansions) humus contents in the soils 
are so significant that they approach the humus 
content in the soils of the Chernozem group. 


MOSCOW RIVER FLOOD-PLAIN SOILS 


Table 1 
Humus content in Moscow River flood-plain soils, % 


Upper course@ O—24 |2,1]}1,2—2,6 
24—46 | 1,2/0,4—1,7 
46—68 |0,4/0,3—0,5 
68—96 {0,5|/0,3—0,7 
96—125 | 0,5] 0,2—1,0 


Middle course? O—24 |2,0)1,9—2,4 
24—46 |1,5|1,3—1,8 
46—68 |1,4/1,4—1,4 
68—96 |0,8/0,7—0,9 
96—125 |0,8|0,8—0,9 


Lower course® 0—24 |3,3/1,4—5 
24—46 |2,6|1,0—4 
46—68 |1,8|0,8—2 
68—96 |1,4}/0,5—2 
96—125 | 0,7] 0,4— 


Sod, silty-sandy 
loam, and coarse 
clay loam soils 


Mean Along-the-Tiver | Ga-teal flacdoniain 
Locations of study | depth, flood-plain copie Hocd- pian 
cm 
ae Range of 5 Range of a Range o 
variation pro- variation ©)! variation 


Lower course® O—24 |4,5/3,2—6,1] 5 15,5]4 3 3,9 
Faustovskoye ex- | 9446 |3,4/4,5—5,21 5 |3,6/2,3—4,6| 3 4,5 
oer Nsbe see: AGs-68 | 2-44-4-6—357)155 | 2,712,123, 113 2,3 
68-961 2-5: 4,8—3,7.1-5e|2.d 1470, Clade (2.41205 
OG 2105 47 te 24d 41 524 8 ba 
Lower course® O96 | 4.0245 7122 14.6 en 3 
Bee gy RES NOL eed FLU BETA bah 4 ea ee ep 
e 46-68_|2,0/4,6—3,4| 2 |2,311,9—2,71 3 
68—96 |1,8/4,4—2,4] 2 |4,9]41,3—2,4] 3 
06 —125.)-4.21-454—1:4) 2 14,740,923 3 a 


eadow and meadow 
bog fine clay 
loam soils 


Meadow, medium, 
and fine clay loam 
soils 


SS a 


211257 2:62.61 2012-61453 b> 
2 |1,4/0,6—1,9| 2 11,5/0,6—2,4| 2 
25141, 210, 71,9) Det. 3 141404 [eo 
54 <9 172.3 2 hy 0,6—0,7| 2 
2 |1,8/1,8—2,1] 2 |0,6'0,5—0,6| 2 


5tS,244,8—5,8 beat O09 |e eee ed 
52414-0397 Sc Ole 4 
5214 .610,9--9. 0) sae O:otueee™ 4 | 
S214 8145022 1) Sic OLS 4 
5 |1,410,7—2,1] 5 4 


a - above Zvenigorod; 
b - from Zvenigorod to Moscow; 


c - from Moscow to mouth of Moscow River. 


Note: Comma represents decimal point 


As we see from the data in Table 2, the total 
nitrogen content in the Moscow River flood- 
plain soils varies widely, which is due to the 
differences in the conditions of their forma- 
tion on various flood-plain segments. Thus, 
in the sod silty-sandy loam and coarse clay 
loam soils along-the-river-side flood-plain 
the total nitrogen content in the plowed layer 
varies between 0. 11% and 0. 28% and in the 
meadow bog medium and fine clay loam soils 
of the central and terrace flood-plains between 
0. 11% and 0. 36%-0. 38%. From the upper 
reaches of the Moscow River to its mouth we 
note a definite tendency for total nitrogen con- 
tent and its amount to increase together with 
an increase in these soils of the amounts of 
humus. Thus, for the flood-plain strips above 
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Moscow (the middle and upper course) the 
amount of nitrogen in a 0-100 cm soil layer was 
10. 7 metric tons/ha (mean of 10 analyzed pro- 
files), and 16 metric tons/ha for soils of the 
lower course of the river. In the latter in- 
stance, the amount of nitrogen in 18 of 26 pro- 
files varied between 15 and 26 metric tons/ha, 
while in 10 cases the amounts ranged from 8 to 
14 metric tons/ha per weight of a 1-meter layer 
of soil. The size of these accumulations be- 
comes more appreciable if we recall that the 
amounts of nitrogen in the same layer of sod 
podzolic soils are, on an average, 6.6 metric 
tons/ha and in soils of the Chernozem group, 
17-36 metric tons/ha (1). 


By content of mineral nitrogen and easily 
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MOSCOW RIVER FLOOD-PLAIN SOILS 


hydrolyzable nitrogen compounds, Moscow 
River flood-plain soils should be assigned to 
soils having a good supply of nitrogen (more 
than 6 mg N per 100 g of soil). However, for 
vegetables requiring a large amount of nitrogen, 
the criteria for nitrogen supply to soils (ac- 
cording to the method of LV. Tyurin and M. M. 
Kononova) should be increased. In our experi- 
ments in the Moscow and Oka River flood-plains 
(5, 6, 7), soils with an easily hydrolyzable 
nitrogen content of 10-12 mg per 100 grams 
respond well to the addition of nitrogen. Cab- 
bage yield increased 182-251 cntr/ha (when the 
yield from PK was 582 and 519 entr/ha, re- 
spectively) and table beets 40-80 cntr/ha (when 
the yield from PK was 350 and 304 cntr/ha). 


Content and Amounts of Total Phosphorus and 
Phosphorus Available to Plants in Moscow 
River Flood-Plain Soils 


The soil of the Moscow River basin (with a 
total area of 17,640 km?) consists, for the most 
part, of sod-podzolic soils with a low content of 
total phosphorus, usually not exceeding 0. 06%- 
0.11% P,O;. Soils having a high phosphorus 
supply are formed in the Moscow River flood- 
plain. As computations have shown, total - 
phosphorus contents ina1l-meter layer of river 
bed flood-plain sod soils and of sod meadow, 
meadow, and meadow bog soils of the central 
and terrace flood-plains are, on an average, 
20-35 metric tons/ha, P,O,, attaining in the 
regions of the lower course of the Moscow River 
45-65 metric tons/ha, P,O, (Fig. 1-B). These 
phosphorus amounts areunusually high not only 
for non-chernozem zone soils but also, generally 
for soils of higher fertility. 


Throughout the Moscow River flood-plain the 
content of total phosphorus in the soils (in com- 
parison with humus and nitrogen) changes, in- 
creasing from 0. 22%-0. 24% P.O, in regions of 
the upper and middle course to 0. 49%-0. 52% in 
regions of the lower course. Maximum phos- 
ohorus content (with variations within limits 
of 0. 33%-0. 58% P,O,) is noted in the soils of 
the Faustovskoye and Kolomenskoye expansions, 
which are subject to annual and comparatively 
more extensive flooding by spring high waters 
accompanied by a deposit of thick alluvium 
Table 3). The alluvium deposit is the main 
reason for the formation in the Moscow River 
‘lood-plain of soils with a high phosphorus con- 
ent. As analyses have shown, the content of 
otal phosphorus in alluvium varies between 
). 66%, and 0.72% P,O,, attaining in alluvium on 
sertain strips of flood plain 0. 90%-1. 14% P,O.. 
The question naturally arises as to the origins of 
his phosphorus, especially if we take into ac- 
-ount the fact that the soil of the Moscow River 
Jasin is made up, for the most part, of sod- 
yodzolic soils deficient in phosphorus. 


Deserving attention in this sense is the 
statement by Dobrovol'skiy and Tyuryukanov 
2, 3, 6), who regard as the mainsource of 
yhosphorus being deposited in the alluvium and 
oils of the Moskvoretskaya flood-plain the 
yedrocks of the Jurassic Period, outcrops of 
vhich were evident everywhere on the surface 
n the Moskovskaya Oblast’. Well-known, for 
xxample, are the Voskresenskiye and Yegor'- 
revskiye Jurassic phosphorites used as raw 
naterial for producing phosphorous fertilizers. 
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As a result of the erosion, weathering, and 
dissolving processes, the phosphorus of the 
native rocks is washed away. Together with 
spring high waters it descends onto the flood- 
plain, settling here in the form of various cal- 
cium phosphate salts or iron and aluminum phos- 
phates. 


On the tilled strips along-the-river and cen- 
tral flood-plains a replenishment of the soil with 
phosphorus also occurs because of phosphorus 
fertilizers being applied in large amounts for 
vegetables and potatoes. 


Drainage waters flowing into the Moscow 
River in the course of a year may affect some- 
what the chemical composition of flood-plain 
soils and, in particular, their phosphorus con- 
tent. However, this influence may occur only 
during spring floods, when the surface layers of 
the flood-plain come into direct contact with the 
spring high waters and the substances dissolved 
inthem. During the spring flood of 1958 samples 
of spring high water were taken at 6 points (above 
and below Moscow) and analyzed for phosphorus 
content. Noticeable quantities of phosphorus 
were detected only in suspended muddy particles 
with a complete absence of phosphorus in the 
dissolved state. In addition, the phosphorus 
content in the alluvium of all 6 samples was ap- 
proximately the same. 


Predominant in the group composition of phos- 
phates, alluvium, and soils of the Moscow River 
flood-plain are mineral phosphorus compounds 
which make up 80%-90% of the total phosphorus 
contents. A wide ratio between organic and 
mineral forms of phosphorus is typical of the 
entire profile of flood-plain soil, when there is 
a very even distribution of organic phosphorus 
among individual horizons (4). 


In 134 of 169 mixed samples of flood-plain 
soils analyzed, the content of acetic-soluble 
phosphorus (after the method of F. V. Chirikov) 
was more than 10 mg per 100 ¢ of soil (with 
variations between 10 and 30 mg); in 18 samples 
this content varied between 5 and 10 mg, and only 
in 17 samples was it less than 5 mg P.O, per 
100 g of soil. In 74 soil samples out of 103 the 
content of P,O, extracted by an acetate buffer 
mixture (modification of D. M. Shtrausberg) was 
more than 3 mg P,O, per 100 g of soil, which 
indicates the excellent and average supply of 
available forms of phosphates to soils. A high 
content of available forms of phosphates is 
widespread in the flood-plain soils at a great 
depth (Table 3). 


Throughout the flood-plain large quantities 
of phosphates readily available to crops are 
found in the soils of the lower course of the 
Moscow River (below Moscow, Table 3). From 
the river to the terrace flood-plain the phosphorus 
availability of flood-plain soils decreases. The 
smallest amounts are detected in fine textured 
meadow bog soils of the along-the-terrace flood- 
plain and are due to the fixation of phosphorus 
in the less soluble iron and aluminum phosphates. 


The phosphorus of flood-plain soils is readily 
available to crops. In field experiments on soils 
of the Moskvoretskaya and Okskaya flood-plains, 
addition of phosphorus fertilizers was not accom- 
panied, as a rule, by yield increases (4, 5). 
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L.I. KORABLEVA 


Content and Amounts of Total and Exchangeable 
Potassium in Moscow River Flood-Plain Soils 


Potassium compounds in soils are, primarily, 
minerals from a group of feldspars, the potas- 
sium of which is practically unavailable to crops. 
A smaller portion of soil potassium is found in 
the mica mineral group (muscovite, biotite) and 
is part of glauconite and nepheline, which readily 
relinquish their potassium in exchange for other 
cations. The total amounts of potassium pro- 
vide, therefore, only a general picture of po- 
tassium reserves but do not as yet describe the 
conditions required for potassium nourishment 
of crops in these soils. 


From analytical data the content of total po- 
tassium in the plowed sod silty sandy loam and 
coarse clay loam soils along-the-river flood- 
plains (according to length of flood-plain) varies 
between 1.50% and 1. 82% and between 1. 44% 
and 1. 91% in the meadow and meadow bog soils 
of the central and terrace flood plains (Table 4). 
These amounts are considerably smaller than 
those which are usually found in sod-podzolic 
soils (2. 3%-2.5%) of the non chernozem zone. 


The principal source of potassium supply 
to crops is assumed to be the adsorbed or ex- 
changeable potassium of the soil. Of all avail- 
able methods for determining exchangeable 
potassium, the Maslova method, based on treat- 
ing soil with 1.0 n solution of ammonium acetate, 
displaces potassium more completely. From 
the flood-plain soils this extract (with a soil 
solution ratio 1:10, hourly shaking and spectral 
determination of K,O in solutions tested) re- 
covers 70%-100% adsorbed potassium. On the 
whole, about 300 mixed samples of flood-plain 
soils (from plowed layers) and over 200 samples 
from profiles throughout the genetic horizons 
were analyzed using Maslova's method. 


In an overwhelming number of cases the con- 
tent of exchangeable potassium was not more 
than 5-10 mg K,O per 100 g of soil (with varia- 
tions between 3-5 and 13-14 mg) which indicates 
an extremely low level of potassium supply in 
the flood-plain soils studied. Quantitatively, 
the total and exchangeable potassium have been 
distributed more or less evenly throughout the 
entire profile of flood plain soil, when there is 
no potassium migration from the upper into 
the lower-lying horizons (Table 4). 


Thus, against a background of a generally 
higher fertility we find a shortage of potassium 
in the soils of the Moscow River flood-plain. 


Conclusions 


1. The fertility of Moscow River flood- 
plain soils increases gradually from the upper 
to the lower course and perpendicular from the 
river to the terrace flood-plain: 


a) on flood-plain strips of the upper and 
middle course above Moscow) humus content in 
the soils along the river flood-plain is 2. 0%- 
2.1% attaining 3. 0%-3. 4% at the lower course; 
correspondingly, in soils of the central flood- 
plain it increases from 2. 2%-2. 7% to 4. 5%-5. 5% 
and in soils along-the-terrace flood-plain from 
2. 6% to 3. 9%-5. 2%. 
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b) The content of total nitrogen increases, 
respectively, from 0. 13%-0. 16% to 0. 20%-0. 21% 
in soils along-the-river flood-plain; from 0. 16% 
to 0. 22%-0. 24% in soils of the central flood- 
plains, and from 0. 19%-0. 26% in soils along- 
the-terrace flood-plain. 


c) The content of total phosphorus in soils 
of the lower course is 0. 34%-0. 52% P.O, along- 
the-river flood-plain (in place of 0. 22% at the 
upper course) and, correspondingly, 0. 29%- 
0. 49% and 0. 26%-0. 31% P,O, in soils of the 
central and along-terrace flood-plains instead 
of 0. 18% and 0. 24% P,O, on flood-plain strips of 
the upper course. 


2. At the lower course of the Moscow River 
where thick silty sandy loam and coarse clay 
loam alluvium rich in plant nutrients is deposited 
annually along-the-river flood-plain, the total 
amounts of humus, nitrogen, phosphorus, and 
potassium in the soils along-the-river flood- 
plain frequently approach in quantity these 
amounts in the soils of the central and terrace 
flood-plain. 


3. While there is relative abundance of cal- 
cium and magnesium cations, the soils of the 
Moscow River flood-plain are deficient in ex- 
changeable potassium. 


4, The soils of the Moscow River flood-plain, 
especially on segments of the lower course ( 
(below Moscow), have greater amounts of 
phosphates available to crops. 


5. The nitrogen supply for Moscow River 
flood-plain soils should be studied, taking into 
account the biological characteristics of the crops 
being cultivated; application of nitrogen fertilizers 
for crops with a lengthy vegetative period will 
somewhat increase crop yield. 


Received January 18, 1960 
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DESALINIZATION CONDITION OF MEADOW SOILS 
AT THE MIDDLE COURSE OF THE AMU DAR’YA RIVER 


I.S. RABOCHEV, Institute for Soil Science and Reclamation of Sands, Academy of Sciences, 


Turkmenskaya SSR 


In desalinizing and preventing salinization of 
soils we must analyze together the problems of 
the water and salt regime of an area. The 
early idea that only the initial stage of the soil- 
water regime had to be regulated by cutting 
down water supply and intensifying ground-water 
transpiration has brought us to only a partial 

realization of the principles of melioration. 
Recommendations for strict standardization 

of leaching under non-drainage conditions and 
curtailment of leaching in every possible way 
were aimed at preventing the rise of ground 
waters. However, when the water supply is 
inadequate, the salts are flushed to shallow 
depths and rise comparatively rapidly into the 
top soil layers which lessens the effect of 
leaching. The idea that mere control of the 
water balance of an area is of prime importance 
in reclaiming salinized soils is tantamount, gen- 
erally, to rejection of drainage (14). 


Various types of salt profiles in soil and in 
the water-bearing layer of soil materials are 
formed under the influence of vertical and hor- 
izontal salt movement. We can distinguish 
the following stages in the salt regime of soil 
according to types of salt profiles and the proc- 
esses occurring in the soils: a) — desaliniza- 
tion; b) — intermittent desalinization — season- 
al salinization; c) — salt accumulation (salini- 
zation). 


The desalinization stage takes place in 
weakly salinized soils with a solid residue 
content < 0.5%, Cl — 0.02% and SO, — 0.05% 
when the fresh ground waters are at a depth 
greater than 2m. A favorable salt regime 
in these soils which are the most valuable part 
of the land reserve of the Amu Dar'ya River 
Valley is preserved by applying a high level 
of agricultural technology to irrigated crops. 


The stage of intermittent desalinization — 
seasonal salinization — is observed in the 
soils inadequately leached of salts. These are 
principally the medium and strongly salinized 
soils with a solid residue content >1%-2%, Cl 
0.05%-0.10%, SO, 0.10%-0.3% when the more 
severely mineralized ground waters are ata 
depth of 1-2 m, 


The continuous salt accumulation or saliniza- 
tion stage of soils occurs in the non irrigated 
solonchaks when the stagnant severely miner- 
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alized ground waters are at a depth up to 1-2 
m. 


The stages and types of salt regime in soils 
are dynamic and depend upon the methods of 
land utilization. In studies by Kostyakov (3), 
Rozov, (12), Malygin (4,5), Makridin (6), Kovda 
(2), Rozanov (7), and other investigators com- 
plex salt accumulation processes are analyzed 
considering the geomorphological and histologi- 
cal conditions associated with the system of 
various land improvements. 


Salt is accumulated in the soil whenever salt 
intake is greater than salt loss. especially if 
upward flow of water prevails over downward 
flow. 


The types of soil profiles in meadow soils 
most often found are shown in Figure 1. Ina 
well-leached soil in the desalinization stage, 

a small quantity of salt is distributed evenly 
throughout the entire profile. But even in this 
soil, as the result of capillary salt removal, we 
observe an increase in salt content in the fall 
as opposed to the spring. In moderately salin- 
ized soil, assigned to the intermittent de- 
salinization — salinization stage, intensive 

salt accumulation takes place. However, in the 
strongly salinized soil, there is a considerable 
seasonal accumulation of salt owing to the 
movement of a large quantity of readily avail- 
able salt into the top layers. 


Consequently, in irrigated soils the types 
and character of the salt regime are determined 
by soil utilization conditions in agriculture. In 
solonchaks, as the result of predominant unilater- 
al upward flows of water, the magnitude of which 
is 10-13 times total precipitation and water 
vapor! condensation, systematic accumulation of 
salts takes place in the upper horizons (10). 
Here occurs a natural redistribution of salt and 
capillary flows owing to a significant drop in the 
concentration of salt solutions between the top 
and bottom layers of soils. 


{Annual total atmospheric precipitation and water 
vapor condensation is 480 m*/ha, while evaporation 
by fallow lands and solonchaks is 45-6.2 thousand 
m*/ha, 


I.S. RABOCHEV 


A 
10010 200 20 


fo 
80 i 
120 
160 
Cc 
02 0 


40 20 8 20 40 


Sxzse 


ASG Na Evy (i )ca 


Figo is 


A - weak salinization, stage of desalinization; 
of seasonal desalinization - salinization; 
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If we utilize lands properly, irrespective of 
initial state of salinization, we may be able to 
desalinize all soil classes to a level of stability, 
when the total salt in the soil and ground 
waters is not more than 0.1%-0.3%. In meadow 
soils this is achieved by leaching to drainage, 
combined with a high level of scientific agricul- 
tural practices. 


To define more precisely the effect of irriga- 
tion on salt redistribution in soil in a 10-20 m 
water bearing soil layer on part of the Amu 
Dar'ya river valley, we conducted detailed 
studies of the salt composition under irrigated 
and nonirrigated conditions. For this purpose 
holes were bored on each block studied — one 
bore hole on an irrigated strip and another 
200-300 m from it on a solonchak strip. 


In the ground water of solonchaks in a 12-16 
m soil layer the dry residue content is 10-12 g/ 
liter, while at a depth of 24 meters dry residue 
content is 21 g/liter (Figs. 2, 3). 


The data on the analysis of ground waters by 
a layer at a depth of 20-25 meters reveals not 
only the complex but also the specific nature of 
salt accumulation on the middle course of the 
Amu Dar'tya. Absolute salt accumulation values 
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D - solonchak. 


in the upper horizons beneath solonchaks (to 
20-30 g/liter) are evidence of extensive salt 
accumulation as the result of vertical salt ex- 
change and redistribution among irrigated and 
nonirrigated areas, Large quantities of salt 
in the lower-lying layers (as well as to 20-30 
g/liter) obviously owe their origin over a 

long geological period of time to diffusion phen- 
omena and vertical displacement of salts from 
the deep layers containing salt accumulations 
and salt domes of marine sedimentary origin. 


Irrigation sharply alters the natural salt 
profile of soils:in the aeration zone of cultivated 
fields the solid residue content is 2-5 g/liter, 
in a 3-11 m layer 1-2¢/literand, deeper, ina 
12-20 m, layer, 3-9 g/liter. 


Table 1 shows mineralized ground water ina 
10 meter layer, according to data from borings 
laid out on irrigated and solonchak plots. 


Placing irrigation waters leads to decreasing 
salt concentration and salt displacement into 
the deep layers. This is illustrated by special 
experiments wherein during one season the 
changes in the salt profiles formed under natural 
conditions over a long period, were reproduced. 
Experiments on soil desalinization during rice 
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iltivation conducted by the Chardzhouskaya 
xperimental Station have shown (Table 2) that 
fluenced by leaching even under nondrainage 
ynditions the soil and ground waters were de- 
ilinized in the layer below 5 m. 


In a similar experiment conducted on a drain- 
re plot at the same station, 37.5 thousand m3 
1 of water (Table 3) were used without dis- 
irding water in growing rice. 
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in ground waters. 


B - solonchak 


Experiments have shown that irrigation can 
bring about decreases in salt contents in a 5-10 
m soil layer and even in deeper layers. At the 
same time, under certain specific conditions, 
salts rise into the upper horizons when in- 
fluenced by vertical and horizontal salt exchange. 


Barren and idle lands, represented by fallow 
fields, abandoned lands, and solonchaks, play 
an important role in the redistribution and 
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Table 1 


Mineralized ground water, g/liter 


mu Dar'ya Soils Total salt | HCO, (total) 


2 Irrigated soils 4,85 0,239 0,524 | 0,415 
Solonchak soils 7,25 0,205 2,055 2,033 

5 Irrigated soils 2.57 | 0,196 0,434 0,708 
Solonchak soils 21,10 0, 264 7,684 0,846 

8 Irrigated soils 2,15 0,143 0,485 | 0,563 
Solonchak soils 7,97 0,285 2,186 2,339 

42 Irrigated soils 3,98 0,197 0,831 | 0,705 
Solonchak soils 8,25 0,156 1,971 4,000 

Note: Comma represents decimal point. 
Table 2 


Chloride ion content in ground water, in g/liter before 
and after rice planting 


Before re4 After rec- Decrease 
clamation| lamation | ——————————— 


Depth, m October ; October 
19 


; Absolute % 
j 1947 


0,297 | 2,681 | 90,4 
0,424 | 4,308 | 81,0 
0.424 | 3,093 | 88,0 
0,637 | 0,843 | 57,0 
0,772 | 0,989 | 57,8 


1-5 mlayer 0,504 4,883 | 79,0 


Note: Comma represents decimal point. 


Table 3 


Effect of rice planting on ground water desalinization in a 10-meter layer (bore-hole 4a, 1958) 


Dry residue, g/liter Chloridesi : 
2 ide-io 1 
Depth, meters store | STTics | at q n, g/liter 


reclamation i i % reclamation | platting. | % 
2,7— 3,7 | 14,090 4,065 36,6 2,402 
3'7— 4.7 | 40,880 4,975 39.4 2,408 ee ‘ais 
5,0— 5,3] 9,525 4,850 Bind 1,890 0,359 19,0 
ne aie gd 9,000 4,860 54,0 1,770 0,634 35,7 
6.6— 7.7 9,000 4,876 54,2 1,730 0,782 45,2 
8:0— 9.6] 9.250 7,022 75,8 1,810 1,378 76,0 
9°7—10,0| 9/880 7,500 75,0 1,810 1,575 87,0 
10;0—10,2] 9,880 7,840 79,5 1,810 1,575 ; 


Note: Comma represents decimal point. 


accumulation of soil salts in runoff regions and removed from cultivated soils by irrigati 
regions without artificial drainage. The salts water are forced back onto abandone dasha 
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which under such conditions are, after Malygin's 
(5) definition, "dry drainage." However, the im- 
portance of dry drainage in controlling the water 
salt regime is not always identical. 


When there is considerable absolute salt ac- 
cumulation the evaporation coefficient is sharply 
reduced and the free capacity of soil materials 
diminished. Consequently, it is not always 
possible to control the water and salt regimes of 
irrigated lands due to the low coefficient of land 
utilization (CLU). We shall offer as an example 
two regions with identical soils, identical size 
areas and agricultural structure, but a different 
CLU (Table 4). 


In the Chardzhouskiy region where the CLU 
is comparatively high, irrigated land¢ cover 
large areas. The salt regime of the soils is 
influenced by water supply and the over-all com- 
plex of land-improvement practices being carried 
out on the fields. In addition, large irrigated 
areas come into contact relatively less with 
solonchaks. These solonchaks are the source 
of horizontal salt movement as a result of 
convective, diffusional, and other forms of 
salt movement. 


The evaporation in soil is considerably weak- 
ened as the result of excessive saturation by 
salts. Also, the capacity for absorbing perco- 
lated waters and waters under pressure is 
lowered; consequently, the ground waters of 
solonchaks evaporate less strongly. The level 
of ground waters under such conditions is 
lowered primarily because of spreading, 
which is intensified as a result of the high 
specific gravity of the strongly mineralized 
waters. 


Convective salt movement developed under 
such conditions leads to the intensification 
of the processes of recurring salt accumula- 
tion in the irrigated soils, especially those 
bordering the solonchaks. Basically, this also 
explains the presence of a higher specific 
gravity of more strongly salinized soils in the 
Deynauskiy region, as compared with those in 
the Chardzhouskiy region. 


Another task of soil melioration along with 
application of leaching, drainage and scientific 
agricultural practices, is the prevention of 
salt from entering irrigated soils from non- 
irrigated soils. Horizontal salt movement 


(convective, diffusional, etc. ), can be checked 
by creating a difference in drops of ground 
water level. Asa result of (leaching) and 
vegetative irrigation the salts are flushed 
deeper, and the difference in drops of ground 
water level checks the lateral movement of 
salt solutions onto the fields. 


The principal objective of land-improvement 
practices within the next few years will be to 
desalinize roughtly a 5-meter soil layer and 
ground water. Later on, in order to guarantee 
a stable desalinization of the area it will be- 
come necessary to desalinize layers 7-10 
meters deep. Most specialists in land reclama- 
tion and soil scientists such as Rabochev (8, 
9,10), Fedorov (13), Morozov (7), Rozanov 
(11), Yegorov (1), and others, have arrived 
at this conclusion. 


From rough calculations (Table 5) it is be- 
lieved that in order to desalinize a 5-meter soil 
layer of the Chardzhouskiy Oasis (Sayat-Deynau) 
we will have to remove from irrigated soils about 
600 metric tons of salt. Likewise, from fallow 
fields and abandoned lands, if they are reclaimed, 
about 1,700 metric tons of salt from each hec- 
tare will have to be removed. 


We will have to remove from the entire area 
(56.5 thousand hectares of moderately and 
strongly salinized soils and 17.3 thousand hec- 
tares of reclaimable solonchaks) about 64 mil- 
lion metric tons of salt from a 5-meter soil layer 
and 70 million metric tons from a 10-meter soil 
layer. As the experiment shows, roughly half 
of the salt content is submerged in the deep 
soil layers. 


According to a project of the Turkmenskoye 
State Institute for Planning Water Economy 
(TURKMENGIPROVODKHOZ) drainage flow is 
about 150 million m3 per year. When water 
mineralization is 10 g/liter, the annual salt 
removed will be 1.5 million metric tons, or 
15 metric tons for 1 hectare of the whole 
area. More than 20 years will be required by 
such flow to remove 30-35 million metric tons 
of salt from the Chardzhouskiy Oasis, At pres- 
ent the amount of drainage flow is not more 
than 50-60 million m$ while salt removal is 
0.5-0.7 million metric tons per year. Salt 
is presently being removed almost one and 
one-half times faster than the amount of salt 
entering with irrigation waters, (flow in the 


Table 4 


Values of coefficient land utilization (CLU) inthe redistribution of soil salts in old irrigated regions 


Specific weight of 


Total | 


. areas Non-salin Moder. ani 
Regions thous. | CLU ; ized and strongly Solon Unsuitablelswevieil|<Aprilai| Fora 
of hec- eakly sa-| salinized hak land Hale Oct eau 
tares linized Style eh es Marc ee 
hae soils 
Chardzhouskiy| 24,5 | 0,53 46,9 | 31,4 | WG) 2 | 
Deynauskiy 26,0 | 0,35 yes} 65,8 26,6 


soils by salinity, % | Depth of ground waters, 


Note: Comma represents decimal point. 
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Table 5 


Computations of removing salts contained in a 5-meter 
soil layer of the Chardzhouskiy Oasis 


Unit of 
measure- 
ment 


Indicators 


Thous. of 
hectares 


Area of oasis 
Salt content in 
soil % 
m t/ha 
g/1 
m t/ha 
In soil andwater | m t/ha 
Subject to 
removal " 
millions of 
tons 


In ground water 


salinize 


Soils 


on-Sa- | Moder- 


linized ately andj Solon- 
and strongly| chaks 
weakly | salin- 
ized 


ea ae | 


5,0 
1125 

31,0 
697 
1822 


56,9 


2,0 
580 
9,0 
202 
782 


621 
35,0 


1664 
28,7 


Note: Comma represents decimal point. 


oasis is 0. 8-1.0 milliard m3, water minerali- 
zation is 0. 4-0. 5 g/liter). Thus, applying 
drainage prevents further salt accumulation. 
Drainage acts most effectively on the desalini- 
zation of lands having a relatively high drain- 
age coefficient resulting from excellent condi - 
tions of underground flow. 


To intensify salt removal from the oasis and 
to accelerate soil desalinization we must increase 
drainage flow by enlarging the drainage collector 
network and by extending the period of its opera- 
tion. 


We can increase the removal of salt with 
water by fall and winter flow, by which the 
operational period of the drainage network will 
be lengthened 1. 5-2 times. 


Conclusions 


1. Soils with a solid residue content of 0. 1% - 
0. 3%, as in ground water, are characterized by 
a stage of desalinization. To preserve this 
state of soil, we must prevent salt accumula- 
tion in the ground waters. 


Intermittent, seasonal desalinization and 
salinization occur in soils insufficiently leached 
of salts; in the profile and ground waters of 
these soils the solid residue content is equal to 
1%-2%. Desalinization processes will take place 
in soils after the soil and ground waters have 
been desalinized to a point where the solid resi- 
due content is 0. 3%-0. 5% and the land utilized 
for future crops. The soil salinization stage 
is typical of the nonirrigated fallow fields, 
abandoned lands, and solonchaks where the 
processes of removing salt from ground waters 
to soil horizons take place. 


2. Irrigation causes the salt to submerge to 
a depth of 5-10 meters and more. Ina 10-meter 
layer of irrigated soils, the solid residue is 
1. 85-3. 98 g/liter; in solonchak-like soils it is 
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7, 25-21. 1 g/liter, or 4-8 times greater. By 
increasing the water supply during one or two 
seasons, we can desalinize a 5-10 meter soil 
layer which will preclude the need of annual 
leaching. 


3. High salinity leads to a decrease in the free 
capacity and evaporation capacity of soils. Under 
such conditions it is impossible to do without 
drainage even when the coefficient of land utili- 
zation (CLU) is low, of the order of 0. 3-0. 4. 


4. To eliminate convective flows of salt from 
solonchaks to irrigated lands we must create as 
large as possible drops in the horizons of ground 
waters. This is done by fall-winter leaching and 
by removing ground waters not only from irrigated 
fields but from solonchak-like massifs. 


5. Desalinization, first of a 5-meter layer 
and then of a 7 to 10 meter layer of soil and 
ground waters, is part of the task of reclaiming 
salinized soils under the present-day level of 
science and technology. 


The creation of a meadow-process soil forma- 
tion and desalinized ground waters will eliminate 
repeated salinization and the need of annual leach- 
ing. 


Received June 14, 1960 
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HEAT OF WETTING AND CONTENT OF TIGHTLY BOUND WATER 


IN CLAY MATERIALS 


N. P. ZATENATSKAYA, F.P. Savarenskiy Laboratory for Hydrogeological Problems, Academy 


of Sciences, USSR 


Bound water and free water differ in clay 
materials by the character and magnitude of 
the forces of interaction between water and the 
solid phase. Bound water is divided into tightly 
bound water (adsorbed or hygroscopic) and 
loosely bound water (film, osmotic or water of 
diffused layers). Free water includes capillary 
and gravitational (immobilized) water. These 
forms of water differ in their properties; the 
so-called tightly bound water, the adsorbed or 
hygroscopic water of the first monomolecular 
layer at the boundary of separation between 
the surface of clay minerals - and water, has 
peculiar properties. The formation of a layer 
of tightly bound water is accompanied by an 
important powerful phenomenon - the formation 
of the heat of wetting; tightly bound water does 
not dissolve electrolytes, sugar and other sub- 
stances, forming a "non-dissolving volume, "' 


Detailed characteristics of the properties of 
tightly bound water are found in works of An- 
drianov (1), Rode (11), and others. 


Several investigators (Dumanskiy (4), Re- 
binder (12), Ovcharenko (9), and others), 
assuming as the basis for separating water 
forms in clay materials the magnitude of the 
free energy of the bond, have related film 
water or the water of diffused layers to free 
water; other investigators (Dolgov (3), Rode 
(11), and Priklonskiy (10) have assigned it 
to loosely bound water, based on the rate of 
its mobility (movement) in the rock and other 
characteristics. The water in the finely dis- 
persed clay materials is in a slightly mobile 
state. There is no sharp distinction between 
loosely bound water and free (capillary and 
immobilized) water. 


In studying the geochemical equilibrium, 
"interstitial water as the adsorbing complex" 
of water-resistant clay materials which cover 
and underlie the middle upper Oligocene water- 
bearing horizon of the Tobol-Ishimskiy water- 
shed, we will have to determine what portion 
of natural moisture constitutes tightly bound 
water, as the non-dissolving volume. 


Given below are the results of determinations 
of tightly bound water in materials represented 
by continental lake - alluvial quaternary (Q, -,) 
and Neogenic Aral clays (N,!-2), Chegan clays 
of the marine Paleogene (Pot ) and clay silts 
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of the middle Oligocene epoch (Pg,?). In min- 
eralogical composition (from data of thermal, 
X-rays, and electron-microscopic studies 

these clay materials are hydromicaceous ( mono- 
thermite type hydromica) with an admixture of 
kaolinite. 


The particle-size analysis of clay and clay 
silts is characterized by a < 0.001 mm diameter 
collodial fraction content of 30%-75%, and 6%- 
22%, respectively. 


The adsorption capacity of the materials 
varies between 16 and 60 meg per 100 grams 
of material; among the adsorbed cations, mag- 
nesium and calcium ions are predominant over 
adsorbed sodium. 


Table 1 gives the natural moisture charac- 
teristics of these materials from 17 samples 
(50 samples were analyzed), characteristics 
of moisture after squeezing out interstitial 
water under a pressure of 250 kg/cm? and the 
heat of wetting, content of tightly bound water, 
hygroscopic moisture, maximum hygroscopic 
moisture, and organic matter content. 


Natural moisture in the materials depends 
upon several factors: the character of the 
materials, conditions of their occurrence, 
physical properties, content of organic matter, 
etc. The investigated clays in a state of com- . 
plete water saturation (Kw = 1) contain 25%- 
40% natural moisture. Clay silts with a large 
content of organic matter (7%-12%) contain 
45%-53% natural moisture. The moisture of 
the clays after squeezing out interstitial 
waters under a pressure of 250 kg/cm? de- 
creased, on an average, by 20%-30% of natural 
moisture (Fig. 1). 


We determined the amounts of tightly bound 
water by heat of wetting. There are presently 
many different means of determining quantita- 
tively tightly bound-water - the method of non- 
dissolving volume (Trofimov [15], and Duman- 
skiy [5]), methods based on determining the 
heat of wetting, measuring electrical conductivity 
(Dolgov, [3]) and others. A widely applicable 
and most accurate method is that of determining 
tightly bound water by the heat of wetting (1). 


The heat of wetting of the clay materials 
being studied was determined in#2 Andrianov 


TIGHTLY BOUND WATER 
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Moisture, % 


ar) “op 500 a 
Fraction < 0.001 mm diameter, % 


EuGinalc 


70 800 


- Forms of water in clay materials. 


1 - Web, - Tightly Bound water; 2 - Wy - Hygroscopic moisture of air-dried rocks; 3 - 
Wm.h. - Maximum Hygroscopic moisture; 4 - W, - Natural moisture; 5 - W,; - moisture after 
squeezing out water when P = 250kg/cm2 (Remainder); 6 - quantity of water squeezed out. 


calorimeters with a temperature equal to 20° C; 
the material was prepared for analysis accord- 
ing to the methods of Sergeyev (14)!. 


The weight of the clay material sample had 
to be such that temperature rise in the calori- 
meter would correspond approximately to 1° C 
during determination of the heat of wetting. 

For coarse, finely dispersed clays the weighted 
sample was, on an average, 5-6 grams, for less 
dispersed clays the weight was increased to 8- 
10 grams. The material was dried to a con- 
stant weight in 6 to 8 hours. The amount of 
distilled water required for wetting was on an 
average, 1-1/2 to 2 times more than the weight 
of clay material. The dried clay and water 
were weighed with an accuracy to 0.001 g. 

The calorimeter read before wetting was 

+0. 001°C, rarely +0.002°C. The Beckmann 
thermometer was read by using a magnifying 
glass with an accuracy to 0.002°C. To obtain 
reliable results, two parallel determinations 
were made; the discrepancies between deter- 
minations amounted to, on an average, 1%-3%, 


The heat of wetting of clay materials depends 
upon their mineralogical composition, disper- 
sion, and composition of exchangeable cations. 


The relationship between heat of wetting and 


Heat of wetting was determined in the Soils Lab- 
oratory, Moscow State University (Russian text page 
49), 
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mineralogical composition has been studied in 
detail by several authors (13, 8, etc.). From 
Ovcharenko's (8) data, the heat of wetting of 
montmorillonite clay varies between 10 and 24 
cal/g, and of monothermite clay between 5 and 
6 cal/g; kaolinite clay and loess-like clay loam 
have a heat of wetting of 2.0-6.0 cal/g. 


In structure the clay minerals are particles 
consisting of crystallized cells or packets con- 
structed from layers of Al (OH), alternating, 
in turn, with groups of SiO,. The distances be- 
tween surfaces of these packets are arranged , 
along the axis C; for kaolinite they equal 2. 76A 
(or 2. 76x10-8cm), for montmorillonite from 
9.5 to 20A. 


The "rigidity"’ and constancy of the distances 
between packets in kaolinite are responsible for 
the limited interaction of kaolinite with water, 
whereas the packets of montmorillonite, easily 
extended along axis C, owing to the peculiarities 
in structure, create conditions for the vigorous 
bonding of a large quantity of water. The struc- 
ture of the elementary cells in clay minerals is 
caused by their chemical composition and is 
characterized by a ratio of SiO, to Al,O,; the 
higher this ratio, the more water the clay binds. 


The relationship of heat of wetting with dis- 
persion of clay material has also been well- 
studied. Anincrease in dispersion of clay leads 
to an increase in the surface area of soil par- 
ticles and to an increase in the quantity of bound 
water, and, consequently, of the heat of wetting 
formed. The fraction < 0.001 mm in diameter 
has the maximum heat of wetting. 


TIGHTLY BOUND WATER 


The relationship of the heat of wetting with 
composition of exchangeable cation is seen by 
the fact that clays saturated by bivalent cations 
have a greater heat of wetting than do clays 
saturated by monovalent cations. 


We see the most obvious relationship between 
heat of wetting and the degree of dispersion of 
clay (Table 1), in the poly-mineral clays under 
study (hydromica with a greater or lesser ad- 
mixture of kaolinite) . 


The organic matter content in Quaternary 
and Neogenic Aral clays is small — ranging 
from 0.03 %-0. 9% (on an average, 0.3%) and 
only in individual samples does it amount to 
1, 1%-2. 9%. 


In the paleogenic marine Chegan clays the 
organic matter content is somewhat higher and, 
on an average, equals 1.2%. The greatest 
quantity of organic matter — 6. 1%-11. 8% - is 
found in the clay silts of the middle Oligocene. 
The role of organic matter in increasing the 
heat of wetting formed and in binding water is 
most clearly observed in clay silts where the 
heat of wetting increases to 5.5 cal/g when 
the content of the collodial fraction <0.001 mm 
in diameter is equal to 22 % and the organic 
matter content about 12%. The heat of wetting 
of these clays with a 65%-75% content of particles 
< 0.001 mm in diameter is 7-13 cal/g; in clays 
with 30 %-50% content of particles < 0.001 mm 
in diameter, the heat of wetting decreases to 3-5 
cal/g (Table 1). 


From the heat of wetting derived from an 
experiment, we can compute the content of tightly 
bound water by formula (6, 8): 


A= Qxhx 100 _ 
2 (1) 
Q x 4.18 x 107 x 2.76 x 10-8 x 100 
116 
where A = amount of tightly bound water in %; 
Q = amount of heat formed, cal/g; 
h = thickness of the monomolecular layer 


of water, equal to 2.76 x 10-8cm; 
g = total surface energy of water and 


vapor (g = 116 erg/cm2); 4.18 x 107 - 
multiple for converting the thermal 
unit cal/g into the absolute unit, erg. 


Ovcharenko (9) determined the content of 
tightly bound water in clays by several methods; 
heat of wetting, hygroscopic moisture (55% 
relative air humidity) and the Dumanskiy in- 
dicator method. By comparing the amounts of 
tightly bound water obtained by these three 
methods (Table 2) we note a close similarity, 
which justifies the conversion of the heat of 
wetting by formula (1), based on the concept of 
the monomolecular layer of tightly bound water. 


We observe in the clay materials being studied 
an obvious relationship between content of tightly 
bound water computed by the heat of wetting and 
the degree of clay dispersion (Fig. 2). 


The hygroscopic moisture of these clays in an 
air-dried state (with a temperature equal to 18- 
20°C and a relative air humidity of about 50%) 
has the same numerical values as tightly bound 
water etek by the heat of wetting (Table 1, 
Hig we) 


The ratio of the heat of wetting to hygroscopic 
moisture fluctuates between 0. 91 and 1. 34 and, 
on an average, equals 1.12. For soils, from 
Andrianov's data (1), this ratio is between 0. 97 
and 1.08; according to Dimo's data (2) the ratio 
is 1. 20 (mean). 


Dumanskiy and Dumanskaya (5), as well as 
Ovcharenko (9), point to the same similarity 
between the quantitative content of tightly bound 
water determined by two methods (heat of wet- 
ting and Dumanskiy's indicator method) and the 
hygroscopic moisture of air-dried clay ma- 
terials (Table 2). 


From the foregoing, we may conclude that 
these clay materials contain tightly bound water 
in an amount almost equal to the moisture of 
air-dried clays, and we may assume as the 
non-dissolving volume the water corresponding 
to the hygroscopic moisture volume. 


To explain the relationship between the 
heat of wetting formed and tightly bound water 


Table 2 
Tightly bound water in clays and soils from data determined by various methods 


Amount of tightly bound water, % 


Clay materials and soil scopic 


moisture 


Bentonite 

Krymskiy clay 

Gorbskiy beidellite 

Chasoy-Yarskiy monother- 
mite 


nh —> 
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Southern Chernozem 
Ordinary Chernozem 
Thick Chernozem 
Leached Chernozem 
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Note: Comma represents decimal point 
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Fig. 2. - Relationship between the content of tightly 
bound water and the fraction <0.001 mm in diameter. 
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computed by it, on the one hand, and the max- 
imum hygroscopic moisture in the clay ma- 
terials, on the other, we determined maximum 
hygroscopic moisture of clays by the Nikolayev 
method (samples were placed in desiccators 
with a 98% relative air humidity over a saturated 
solution of Rene with a temperature equal to 
20° C for 2.5-3 months). The results of these 
studies are given in Table 1 and Figure 1. We 
see that the maximum hygroscopic moisture in 
these clays is almost three times more than 
the content of tightly bound water in the clays. 
The highest values to 1%-27%) are observed in 
finely dispersed Aral clay, where the content 

of ae fraction < 0.001 mm in diameter is 65%- 
75%. 


The ratio of the heat of wetting to maximum 
hygroscopic moisture for these clay materials 
varies between 0. 28 and 0. 49 and, on an average, 
is equal to 0. 38 (Table 1). The obtained data 
are evidence that the coefficient of proportion- 
ality established by Andrianoy (1) between the 
heat of wetting and maximum hygroscopic mois- 
ture, equal to 0.517, is not a constant value. 
Dimo (2) arrived at the same conclusion in her 
work; for the soils which she studied the ratio 
in question varied between 0. 37 and 0. 68. 


A.V. Dumanskiy and F. D. Ovcharenko (6, 8) 
studied the heat of wetting of clay materials as 
a function of their moisture. To achieve a 
varying moisture, weighed samples were kept 
for several months in desiccators with a sul- 
furic acid of specific concentration (5-10-15-25- 
50-70-90%) ; then the moisture and heat of wet- 
ting of these samples were determined. Ex- 
periments showed that the total wetting of the 
clay material (heat effect approaching zero) 
occurs when the vapor pressure is 15-16 mm 
of mercury column, which approximately cor- 
responds to a H,SO, concentration of about 20%. 
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1-2. 3 - clay Pg3-4; h- silt 


The maximum hygroscopic moisture in the clay 
materials was determined usually when the vapor 
pressure was higher than 15-16 mm of mercury 
column (the Mitcherlikh method of 10% H,SO, or 
the Nikolayev method of a saturated solution of 
K,SO,) and, consequently, there occurs in con- 
junction with vapor adsorption a capillary vapor 
condensation in the pores of the clay. 


It follows from this that an identification of 
the amount of tightly bound water with moisture 
corresponding to maximum hygroscopic mois- 
ture, as is occasionally assumed, has no basis. 


The presence in the clay materials of hygro- 
scopic salts increases the values of maximum 
hygroscopic moisture. To show the effect of 
chlorides (the salts NaCl and MgCl, are present 
in the pore solution centrifuged from the clay 
material) on the value of maximum hygroscopic 
moisture, we determined the maximum hygro- 
scopic moisture of salinized samples and of 
samples leached of chlorides. As we see from 
Table 3, the maximum hygroscopic moisture of 
clays leached of chlorides is 10%-20% less than 
that of salinized samples. 


To derive a sufficient volume (5-10m1) of 
pore solution for geochemical studies, inter- 
stitial waters were squeezed out from the clay 
materials in special apparatus (press-forms) 
designed by Kryukov (7) under a pressure of 
250kg/cm? created by a 4-ton hydraulic press. 
The clay material pressed until the separation 
of the pore solution under a given load ceased. 
In addition it was discovered that the pressing 
time for clays of varied dispersion was not 
the same, For highly dispersed Aral clays it 
took 7-10 days whereas for less dispersed 
Chegan clays and quaternary clay loams we 
derived the same amount of interstitial water 
in 10-14 hours. 


TIGHTLY BOUND WATER 


Table 3 


Effect of chlorides, found in a pore solution of clay, on the magnitude 
of maximum hygroscopic moisture 


Maximum hygro- 


Content of scopic moisture, Decrease | Clay sal- 

Depth of| particles Wm. h. % inWym. h, | inization 

, Hole clay <0. 001 in %, iter by soluble 

Clay material, age No materia mm Before After leaching ofjsalts in% 

* |selected,| in diam., | leaching | leaching | chlorides] per 100¢ 
m % of of of dry 
chlorides | chlorides clay 
Quaternary clay 484 Z5O 32,75 8,60 7,30 15,0 0,06 
(Qi 2) 492 | 4,5 | 61,99 18,76 | 16,72 11,0 0,69 
492 6,95 15,70 4,04 3,78 17,0 0,33 
226 14,9 53,06 18,05 44,49 20,0 0,82 
Neogenic Aral clay 489 4,5 71,79 20,00 48,90 9,0 0,45 
(N}- 2) 489 6,95 22,99 10,92 7,09 39,0 0,33 
492 8,0 495,99 16,67 45,42 7,0 0,14 
223 9,0 46,62 19,44 13,04 120 0,32 
Paleogenic Chegan 9 | 16,0 | 57,63 16,07 | 14,30 | 11,0 | 0,03 
clay (Pg3-3) 2 48,0 46,73 13,30 12,10 9,0 0,03 
304 62,0 30,70 8,90 7,70 43,0 0,20 


Note: Comma represents decimal point 


Table 4 gives the typical moisture and 
porosity values for clays of varied genetic 
types. 
Aral clay is greater (38.7%) than that of less 
dispersed Chegan clay (29%), but the absolute 
amount of total free and loosely bound water 
i,e., water equal to natural moisture minus 
tightly bound water for both one or another 
type of clay, is approximately the same and 
equals 25%-27%. Both clay materials are in 
a state of complete water saturation. The 
porosity of Aral clay is 51%, of Chegan clay 
42.4%. The different rates of squeezing out 
interstitial water imply a varied mobility or 
movement of free water in these clays depend- 
ing upon the degree of their dispersion and the 
content of adsorbed tightly bound water, in 


The natural moisture of finely dispersed 


other words, upon the hydrophilic nature of 
these clays. The size and shape of the pores, 
as we know, is closely related to the degree of 
clay dispersion (the higher the dispersion, the 
smaller the pore diameter) while the available 
(water-conducting) part of the pores depends 
also upon the quantity of adsorbed water. The 
content of tightly bound water in the finely dis- 
persed Aral clay is almost 2-1/2 times greater 
than that in Chegan clay (11. 60%, as against 

3. 90% of gravimetric moisture) ; the tightly 
bound water in Aral clay is 30% of the total pore 
volume, while in Chegan clay it is only 14%; 
the ratio of Wy to Wt, p,, on the contrary, is 
greater for less dispersed Chegan clay and 
equals 7. 16 as opposed to 3. 34 for Aral clay 
(Table 4, Fig. 3). Based on this, we may 


Table 4 
Porosity and water content in clays 


ee Natural mois- Coef- |Tightly bound Moisture 
Aiba” \porost een ghee squeezing 
Clay material | rock | ~ mm ity n, cae % Wy  +|Jout water 
and age deded in di- IGravi-| Volu- Y"*~ |Gravi-|Volu- |, | when 
1893 ameter metric |metric " tion Imetric|metric Wt. b. |p=250ke/ 
KW cm2 
\ { Wr, % 
Saree 7,0 | 76,12 | 38,70} 51,0 | 51,0 4,0 141,60 | 15,30] 3,34 | 30,80 
clay (Ni-? 
Pohoean clay | 9540 | 34,29} 29,00} 42,4 | 43,0 | 0,98 | 3,90 | 6,00] 7,46 | 24,20 
(Pg3 4) ' 


Note: Comma represents decimal point 
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Fig. 3. - Ratio of natural moisture to content of tightly bound 

water in water-saturated clays (Kw = 1). 


1] - clay Q; 2 - clay Ny 172; 3 - clay P34. 


assume that the water contained in the finest 
capillaries of Aral clay is considerably less 
mobile and so makes squeezing more difficult 
and slower under a load of 250 kg/cm, as com- 
pared with the water contained in the coarser 
pores of Chegan clay. 


Conclusions 


1. Investigations of tightly bound water by 
heat of wetting have shown that the clay ma- 
terials under study contain tightly bound water 
in an amount approaching hygroscopic moisture. 


2. We can assume as the non-dissolving 
volume the volume of water corresponding to 
the hygroscopic moisture of the air-dried clay. 


3. The moisture corresponding to maximum 
hygroscopic moisture, according to experimental 
research data, is almost 3 times greater than the 
content of tightly bound water in the clay ma- 
terial and it would be incorrect to identify it 
with tightly bound water. 


4, When we apply pressures of 250 kg/cm, 
for squeezing interstitial waters, free water is 
not entirely centrifuged; a longer period of time 
is required to squeeze out interstitial waters 
when the hydrophilic character of clay materials 
increases. 


Received May 22, 1960 
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DATA ON THE DYNAMICS OF SOIL-FORMATION PROCESSES 
IN SOLODIZED SOILS OF THE ALTAYSKIY KRAY 


T.V. TURSINA, V. V. Dokuchayev Soil Institute, Academy of Sciences, USSR 


In the Altayskiy Kray and adjoining areas the 
phenomenom of soil solodization is widespread 
and varied (1, 3, 4,5, 8). Solodized soils in the 
Altayskiy Kray are found in subzones of or- 
dinary and southern Chernozems and in the 
dark-chestnut soil zone. Among the zonal 
soils the solodized soils occupy up to 10%-15% 
of the area. They are associated with specific 
types of relief and microrelief and are distrib- 
uted in various kinds of hollows and depressions. 
The particularly numerous depressional forms 
of relief are associated with terraces of ancient 
drainage basins as well as with young, and with 
river terraces, 


Solodized soils are represented both by soils 
with a well-formed solodized horizon, properly 
speaking, solods beneath birch and birch-aspen 
forests, and by soils with an undefined or an 
insufficiently clearly formed solodized horizon 
(as, for example, solodized solonetzes and 
meadow-bog solodized soils) or with some 
other, concealed, soil-formation process (trans- 
itional soils from solods to gray forest and mea- 
dow chernozem soils). 


Solods are always associated with solonetzes, 
meadow chernozem solonetz-like or meadow- 
bog soils, sometimes with solonchaks forming 
typical meadow or meadow-steppe combinations 
and complexes, which are easily and quickly 
detected by using aerial methods (13,15). The 
components of the latter soils change, depend- 
ing upon the age and, consequently, upon the 
extent of drainage in the area. Meadow-bog 
solonchak-like solodized soils are formed on 
young terraces (Fig. 1) in waterlogged de- 
pressions beneath sedge-reed vegetation; sol- 
onetzes-solonchaks are formed along the per- 
iphery of these depressions beneath extremely 
sparse halophytic vegetation; on the upper part 
of the slope beneath wild rye-wormwood-mul- 
berry tree associations are found crusty- 
solodized solonetzes; peat-gley solods are 
found in the depressions among these solonetzes 
beneath willow-birch-aspen plantings. 


On higher terraces we observe a decrease 
in salinization and meadow development of soils. 
Meadow-bog solodized soils are developed in 
the depressions; on slopes leading to the de- 
pressions are found crusty solodized solonetzes; 
meadow solods are found in the depressions be- 
neath birch-aspen stands. Chernozem-meadow 
solodized soils appear on the more ancient and 
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better-drained terraces in the depressions of 
the relief; deep solonetzes are found on the 
slopes, while in the birch stand depressions we 
find soils which are in transition from solods 
to gray forest soils. Finally, we encounter 

at the interfluves, in the depression forms of 
relief, meadow-chernozem soils; on slopes 

the solonetz-like chernozems; and in the birch- 
stand depressions, gray and dark-gray forest 
soils. The components of the complexes and 
combinations have a definite genetic relation- 
ship among one another. 


Most prevalent is the concept of solod forma- 
tion under the influence of a downward flow of 
atmospheric precipitation by means of the 
composition of the adsorption complex of de- 
salinized solonetz with a subsequent entry of 
hydrogen in place of adsorbed sodium. Ged- 
royts (2) considers that "only solonetz soils 
are subject to the solodization process,"' Ivan- 
ova (5) confirms and develops this point of 
view: ''Solods and solodized soils originate 
from solonchaks by way of solonetzes." 


Studies by Rybakov (12) on the ancient 
Lesnoy-Voronezh River flood-plain show that 
solods may be formed without the development 
of the solonetz stage, that is, directly during 
the solodization of the bog or semi-bog soils. 
"In such cases of solodization the adsorbed 
Na, obviously, is added into the adsorption 
complex from diluted solutions of ground 
waters, at a time when the capillary rise 
prevails over the downward flow." 


We find a similar explanation of the solodiza- 
tion process in the works of Basilevich (1): 
"with the slow process of dissection of relief 
and a relatively high standing of ground waters 
associated with this process, a regime of 
periodically recurrent soil treatment by weakly 
mineralized sodium carbonate solutions is es- 
tablished for a long period of time. In this 
case the development of a salinized soil complex 
proceeds in the direction of 'solodization'. " 


In Popov's opinion (11) solod formation is 
sometimes possible from solonetzes via mea- 
dow-bog soils. The soil may subside on solon- 
etzes when the surface-melted snows stand too 
long and when small depressions which are 
gradually overgrown with bog vegetation are 
formed. With a general drying-up of the area, 
willow followed by aspen and birch penetrate 
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ties lls 
a - meadow solod; 
solodized solonetz; e - solonetz-solonchak; 
height of snow cover in March, 1957; 
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these bogs while the soil is being transformed 
into solod. 


A more precise description of the means by 
which solods are formed was not included in 
the program of our studies. We were assigned 
the task only of showing, by specific example, 
what present-day soil-formation processes are 
taking place in the solodized soils of the Cher- 
nozem zone of the Altayskiy Kray. To make a 
detailed study, we selected the solonetz- 
solodized complex consisting of meadow-bog 
solodized soil, crusty-solodized solonetz, 
and meadow solod beneath a birch-aspen 
stand. The purpose of our research was to 
ascertain whether similar soil-formation proc- 
esses were presently taking place in these 
solodized soils. Until recently there has been 
no research on the contemporary soil-forma- 
tion processes on solodized soils. It has been 
only in the last few years that the Soil Science 
Department of the Timiryazev Agricultural 
Academy (TSKHA) headed by Yarkovy and 
Kaurichev (16, 17, 18) has initiated extensive 
research on the study of the dynamics of the 
soil-formation processes in various zones of 
the Soviet Union, including soil-formation proc- 
esses on solodized soils. 


Solodized soils, as soils of a hydromorphous 
subtype, are developed under the direct influ- 
ence of high soil-ground waters, which occur 
beneath these solodized soils at a depth no 
greater than 3 m, depending upon the over- 
all drainage of the area (Table 1). The ground- 
water level over a 3-year observation period 
dropped 1-1.5 m between spring and fall (less 
on the lesser drained strips). 


As the data in Table 2 shows, the ground 
waters beneath solodized soils are mineralized 
from 0.2-0.4 (beneath solods) to 2.0 g/liter 
and more (beneath meadow-bog solodized soils) 
and beneath solonetzes 0.7-0.84 g/liter. In 1956, 
marked by a wet summer, there occurred to- 
wards fall a decrease in water mineralization 
beneath solodized solonetz and meadow-bog 
solodized soil; in the dry year of 1957 ground- 
water mineralization increased towards fall 
beneath these soils. Changes in mineralization 
beneath a solod are extremely negligible and 
specific between spring andfall. In May and 
June mineralization was the highest, chiefly as 
a result of an increase in the content of water- 
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Table 1 


Change in ground-water level, cm 


Profile 


Profile} Profile No. 
No. 338/349 Meadow 
meadow bog solod- 
ized soil 


Sampling 
time 


solodized 
solonetz 


255 Not det'd. 


Sept. 1955 


June 1956] 4130 | Inundated 140 
from the 
surface 
July 200 70 2410 
Sept. 240 105 260 
June 1957} 4130 50 130 
180 90 480 
220 100 230 


soluble humus; in July it decreased because 
of the replenishment of water by fresh-melted 
snows, while in August and September miner- 
alization again increased from ground-water 
evaporation and root absorption. 


In salt composition the ground waters be- 
neath all solodized soils have characteristics 
in common: sodium carbonates and bicarbon- 
ates are predominant. However, the quantita- 
tive content of these soils in the waters differs. 
In addition, the accompanying salts are also 
different: beneath the solod, besides sodium 
carbonates and bicarbonates, there exist small 
quantities of calcium and magnesium carbon- 
ates and bicarbonates, with an admixture of sul- 
fates; beneath the solodized solonetz are mag- 
nesium and carbonate bicarbonates (very little 
calcium bicarbonate) as well as a small quantity 
of sulfates; beneath meadow-bog solodized soil 
are sulfates, to a lesser extent, sodium 
chlorides and, partly, magnesium chlorides. 


Thus, these soils, by occupying different 
positions in the micro and meso-relief, have a 
single-type sodium carbonate ground-water 
salinization, which, definitely, is the reason 
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Table 


Change in ground-water mineralization b 


Alkalinity 
Solid 
be Soil Time of |fresidud 
oe sample g/ 
. liter CO; |HCO, 
338 | Meadow | Apr.1955| Not det'd. | 6 96 
solod May 1956 | 0,400] 0,82 | 6,60 
July 0,280] 0,52 | 5,25 
Sept. 0,334] 0,45 | 5,03 
May 1957! 0,205| None! 1,60 
June 0,338 ON Avie 
July 0,340] 0,38 | 3,75 
349 | Meadow |July 1956 | 1,946] 1,88 |15,58 
bog ‘| Sept. 1,060] 1,35 |12,16 
solodized June 19574 4,006] 1,28 [12,12 
eune 0,924] 2,18 |26,16 
Aug. 14,772) 2,77.124, 39 
Aug. 2,208] 2,25 |20,64 
337 | Solodized|Sept. 1955 | Not det'd. 113,04 
solonetz |May 1956 | (0,698) 2,25 113,74 
0,642] 1,13 111,56 
0,628) 1,27 110,92 
0,740] 2,85 |141,419 
0,810] 41,88 |12,20 


2 


eneath solodized soils, in meq/liter 


Water 
Spec-| Spec- |soluble 
Cl So, | Ca | Mg | tral | tral | humus 
Na K me 
liter 
0,22 | None|2,gojNone 4,38} Not det'd. 
None | 0,58/1,04/0,69) 5,48} 0,04 | Not deta 
. 0,48/2,11]0,75} 2,65) 0,03 a 
i 0,29)1,32/0,55] 3,78 0,02 i 
ie 0,36|1,45/0,60] None} None | 0,05 
" None }3,04/0, 80} 1,39} 0,05 [Not det'd 
oS " 12,2410,89}] 0,65) 0,02 " 
4,29 |13,91]0,70]1,04|28,70) 0,04 {Not dea'd 
0,77 | 5,65]0,97}1,24)18,04} 0,07 i 
0,33 | 3,64]1,18]2,76]11,53] 0,23 | 0,07 
0,82 |15,84]0,45]7 ,40/37,06] 0,05 | 0,05 
0,74 | 2,72|2,99]3,36]18,49] 0,46 | 0,09 
1,65 |12,36]0,98]6,87/28,93] 0,09 | 0,03 
0,34 | 0,48]0,90)2,38)10,58] Not det'd. 
None | 0,29)0,29)1, 26]12,46] 0,05 Not det'd 
ss 0,09]0,52/2,94] 8,26] 0,03 4 
= 0, 29/0, 28)2,28 
ns 0 1,96 
” 0 2 


4surface melted snow. 


Note: Comma represents decimal point. 


for the development of solonetzization and 
solodization in these waters. 


In the spring, prior to the beginning or 
middle of June, the solods of birch stands 
are flooded by melted snows. The surface 
waters at the center of the stand, concen- 
trated at the beginning of June 1957, hada 
0.20 g/liter mineralization and in composi- 
tion belonged to the calcium bicarbonate group, 
with a content of water-soluble humus as 
much as 50 mg/liter; Na in these waters was 
practically nil, It is probable that the fresh 
surface waters are formed almost exclusively 
from the melting of snow, which has been 
accumulated during the winter in the stand 
itself, 


The woody vegetation of stand depressions 
contributes to the accumulation within the 
stand and at their edges of a thick snow cover 
(to 2-2.5 m). On the cane bogs we also observe 
a thicker snow cover (1-1.5 m), as compared 
with the surrounding area. The average snow 
cover On open areas is 25-35 cm; in places, 
it is entirely missing. Minimum thickness 
occurs in birch stands and on reed bogs 
(0.20-0.24); the greatest thickness is on the 
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exposed areas (0.33-0.35). 


Observations of the freezing depth of solod- 
ized soils in February and March, 1957 showed 
that depth is directly related to the thickness 
of the snow cover; solods froze least of all at 
a depth of 70-80 cm, while least freezing of 
solonetzes took place at 1-1.2 m. These 
indicators are somewhat below the mean soil- 
freezing data of soils of the Altayskiy Kray (11). 
It is probable that the surface horizons, which 
have been subject to excess moisture since fall, 
pare preserved the soil from a deep freeze in 

957. 


Observations show that the moisture regime 
of solodized soils is heterogeneous (Fig. 2). 
We can distinguish 3 parts in the moisture pro- 
file of all soils studied: an upper part with a 
wide range of moisture; a center part with a 
relatively stable moistening and negligible fluc- 
tuations in moisture; and, a lower part, the 
zone of fixed or constant wetting as a result of 
capillary saturation from ground waters. How- 
ever, the moisture content in each soil and its 
change in the course of a year is strictly defined, 


The maximum moisture content in solods is 
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observed in the A, horizon (50%-60% of volume) 
and takes place at the end of winter and in the 
spring, this horizon dries to 27%-25% in the 
summer. In the center part of the profile, 
moisture fluctuations, between 25% in the 
spring and 12%-13% in the fall, are possible 

in the A, and A,/B, horizons, In the winter 
we also note a low moisture (12%-14%) in these 
horizons, Inthe B,, B,, and C horizons the 
moisture remains practically constant during 
the course of an entire year (31%-33%), and 
corresponds to the minimum field moisture 
capacity. Thus, throughout the entire solod 
profile up to the horizon of capillary-mois- 
ture capacity, the spring moisture is above 
the minimum field-moisture capacity (MFM), 
and after July decreases below minimum field 
moisture capacity. The A, and B,/B, hori- 
zons dry up in winter, and moisture increases 
in the A, horizon because of moisture migra- 
tion; that is, we can observe at the boundary of 
the A,/B, horizons a break in the capillary 
continuity. In the spring, as a result of 
ground-water replenishment, we observe the 
joining of surface waters to the capillary fringe. 
At the end of May and the A, horizon begins 

to dry up, followed in July by the A, horizon 
and the upper part of the B, horizon. As the 
drying continues, the movement of capillary 
or film-capillary moisture towards the transi- 
tional A,/B, horizons takes place. Under 
snow the solod is excessively wet in the upper 
part of the profile. 
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Thus, the downward flow of moisture is 
predominant in the solods in the spring and 
partly in the fall, as a result of infiltrated 
atmospheric precipitation. However, in the 
summer and winter the upward flows predom- 
inate because of high ground waters. Conse- 
quently, in the solods, leaching of the soil pro- 
file by fresh waters alternates with the attrac- 
tion into the transitional horizon — from the 
solodized to the illuvial horizon (A,/B,) — 
of capillary solutions rising from weakly 
mineralized sodium and carbonate ground 
waters. 


10 20 30 


Moisture, % 
- Change in moisture, as a percentage of the volume. 


0 


337, solodized solonetz; 


60 


In the meadow-bog solodized soil the mois- 
ture of the surface-peat horizon varies widely 
in the course of a year — between 100% at the 
end of winter and spring and 40% at the end of 
summer; lower throughout the profile, in the 
mineral horizons, the fluctuations are less 
significant; in the A,/A, horizons at a depth 
of 30-38 cm, the moisture during a season 
varies between 30% in the spring and 20% 
at the end of summer. In the capillary-fringe 
zone in the A, and B, horizons, the moisture 
is constant; about 35%-37%. In the meadow- 
solodized soils the downward flow of moisture 
predominates in the spring; in the summer we 
observe a temporary upward flow into the 
actual surface horizons; the formation of a 
temporary upward flow of moisture from the 
lower lying horizons is likewise possible dur- 
ing winter, in connection with the drying up of 
the A, /A, and the A, horizons below the mini- 
mum field-moisture capacity. 


beree Por nae 


B - Profile No. 
2 - minimum (field) moisture capacity. 
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wo ‘yided 


In the solodized solonetz at the upper part 
of the profile (in the A,, A,, and B, horizons) 
the moisture fluctuations are considerable — 
ranging from 20%-25% in the spring to 1.5%- 
3% in the fall. In the illuvial B, and B, horizons, 
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the moisture during the course of an entire 
year remains constant and very low, close to 
maximum hygroscopic moisture (MHM).+ In 
the spring the A,, A, horizons, and the upper 
part of the B, horizon have an excessive amount 
of moisture, but only for a short time. The 
moisture in the upper horizons evaporates rapid- 
ly, and in July the moisture in the A, and A, 
horizons drops below the MHM. But during 

dry years, as, for example, 1957, the moisture 
was, by September, below MHM practically 
throughout the entire profile. Movements of 
moisture from the capillary fringe into the 
dried up "dead layer'' were not observed. 


Thus, the solodized soils under study do 
not have the same moisture conditions. The 
meadow-bog solodized soil is excessively moist 
for almost the entire year; temporary upward 
flows of moisture are possible in this soil only 
in the fall, The solod is characterized by 
periods of excess or optimal moisture alter- 
nating with periods of drying. Consequently, 
downward flows of moisture alternate with 
upward flows. Solodized solonetz occurs 
under the peculiar conditions of spring, sur- 
face, temporary, excess moisture, and alter- 


‘Tt was impossible to determine the minimum field 
moisture capacity in solodized solonetz because of the 
high swelling of the upper part of the B, horizon and its 
total water impermeability. Since the A; and A, hori- 
zons under these conditions were super-saturated with 
water, we likewise failed to determine a sufficiently 
reliable value for minimum field-moisture capacity. 


nating with summer and fall drying of the capil- 
lary suspended moisture. The center of the 
profile — the illuvial solonetz horizons -- is ina 
state of constant drying. 


The oxidation-reduction-regime of solodized 
soils depends upon moisture conditions (6,7, and 
10). Measurement of the oxidation-reduction 
potential (ORP) of solod in May, during the 
standing of melted snows in a depression, 
produces reduced values (150-200-400-mv) 
in the A, and A, horizons. (Table 3). Im- 
mediately after the melted snow has descended 
throughout the entire solod profile, a high po- 
tential of 600-500 mv is established. In August 
the oxidation-reduction potential in the A, hori- 
zon dropped from 620 mv to 510 mv. This ORP 
drop can be explained by the loss (in connection 
with the drying of the A, horizon) of organo- 
iron complexes, which have migrated with the 
solutions into the illuvial-soil horizons. In 1957 
the values of the ORP at the start of summer, 
which was marked by cool and rainy weather, 
were lower than in 1956. In August we again 
observed a drop in ORP in the A, horizon. In 
all, by ORP values the solods approach pod- 
zolic soils, for which Serdobol'skiy (14) cites 
ORP values of 600-700 mv. 


In the meadow-bog-solodized soil during the 
first half of the summer the ORP in the surface- 
peat horizon dropped sharply amounting to 
175 mv in 1956, and even minus 90 mv in the 
more moist year of 1957, At the end of July 
the ORP in the surface horizon and throughout 
the entire profile increased to 550-570 mv, 


Table 3 


Change in the Oxidation-Reduction Potential, mv 


Profile No. Horizon and Santee lines ae ee eee 
and Soil depth, cm June | July | Aug. May | June | July | Aug. 

338. Ay 0—10 +610 | +610 | +625 160 505 540 | 610 
Meadow AA, 18—26 | +620 | +650 | +620 1300 F350 1360 620 
solo A, 26—36 +610 | +620 | +510] +400] +590 | +610 

40—50 | +610 | +620 | +510 |Notaetal +610 | +630 | 60 
Bi 70—80 | +610 | +620 | +610 " +570 | +580 | 570 
By 90—95 +580 Not det'd. 
C 1400—120 | +595 | +570 ibaa " 

349. Ar 8—10 |not det d.] 4-175 560 |Not detd.| — 90 5 t 
oe bog | Ay 31—32 au +400 T50 ; +150 Hee P ei 
solodized A, 40—43 a +510 | +520 ¥ +480 | +460 tt 

Bi Kay " 14490 }4570] 1 |Notdetd) 4460 " 
B, 70—80 +490 |+565{| > +520 " 
| 

337. Ay 0=3 +530 | +530 | +450 |Notdet'a] 440 Not det’ 
sotstized Ay io +470 | +465 |}+490{  " ne iran Ay : 

B, 14-15 | +470 }-+465 |4490| +420} +440] 

B, 24—26 +480 | +460 | +470 " +450 | +420 % 

Bs 40-414 +470 |+460 |+475| +440 | +420 
70—72 475 | +480 | +510 " +470 | +420 

Cc 400 +485 +490 +490 ih Not det'd 
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Table 4 


Change in the pH value (Sat ) 


water 


om le Horizons and 


soil depth, cm 


4,94 4,58 4,72 5,26 
338, ue aula : : , 
Meadow A cara 5,36 5,48 5,68 5,84 6,28 a 
pen ih ee 4,82 4,88 4,32 3,58 4,98 
"a a 5,66 5,46 5,8Z 6,04 5,92 al 
4,56 4,52 4,48 3°99 4,60 
A 3-40-98) Gerrom raises! Moi iae eas Gackt ts Siar be 
a nee 4,50 4,46 4,20 3,58 4,62 
me 6, 22 aie 6, U8 5,76 5,96 - 
4,56 42 4,07 
piss A Wacnae, allaeO720tia| W0.o4° | cu, 2nae (eae Bat 
5.76 4,28 5,04 4,55 6,22 
B, Yee) 76 Tlrb.58 (917,207 |e Grae | enys0em |e 
6,54 6,38 5,80 6,14 6,30 
B, Aira 20 “8,27 sae 7,92 7,56 8,07 ~ 
: 6,12 
, 450—160 — ae S00 on a res 
1,44 7.55 
200—240 oo A beiag Serene hrc: = 5 a 


337. ‘4 ety 6,38 6,36 6,36 
pe omice: [UE = 7,00 7,56 | 7,65 7522-4) 0 9.005) |e 
aS A es 8)20 Wht 7,52 ee? tO Mal) te ya nh ee: 
; aN 9,74 8,53 9,63 
8,64 8,54 8,66 9,24 ; 
By es 9,94 | 10,05 | 10,15 | 10,66 | {0,67 = 
76 8,76 8,88 9,32 9,35 
Bs Pas 9,96 10,06 10,08 10,76 pee = 
‘ 8,76 8,76 9,44 k 
Bs oe 9,98 10,10 qu, 05 410,80 as me 
8,36 8,42 9,16 9,08 
7oerO0 hy 0,04 06 aI) Hy ss 
8,16 8,10 
. 410—120 ze 5 ei ar me fe —_ 
7,86 7,92 7,9 
100 | 55531 9,56 9,57. = == ram 
7,74 7,68 
200—210 =. 9-10 TAM me or me 
Note: Comma represents decimal point. y, aa 
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maintaining these values until fall. At the same 
time we detected a 40-50 mv drop in the ORP in 
the horizon of greatest drying, the A,. 


The oxidizing-reducing potential in the solod- 
ized solonetz is sufficiently constant, through- 
out the profile, fluctuating during the spring, 
summer, and fall between 470 and 530 mv with 
a maximum inthe A, horizon. Certain varia- 
tions, depending upon a greater or lesser drying 
of the soil and the activity of the micropopula- 
tion, are observed only in the actual surface 
horizon, 


Thus, solodized soils differ in the oxidation- 
reduction potential. We do not observe in 
solonetz any substantial changes in ORP through- 
out the profile during the spring, summer, and 
fall months and the ORP values are sufficiently 
high. Extremely short term conditions of sur- 
face anaerobiosis exist in solods during the 
spring. After the melted snows have descended, 
high ORP values are established without any 
particular profile differentiation by ORP. Only 
during the driest late-summer months do we 
observe in the solodized horizon a decrease in 
the oxidation-reduction potential. In the mea- 
dow-bog solodized soil the period of anaero- 
biosis is considerably longer. Aerobic condi- 
tions are established in the midst of the summer 
while at the end of summer in the solodized 
horizon, as in the solod, a decrease in the 
oxidation-reduction potential is noted. 


Observations for changes in the pH of 
solodized soils during the spring, summer, 
and fall have shown that these changes in each 
soil can be considerable and extremely variable 
(Table 4). The solods have an acid reaction in 
the upper part of the soil profile over an entire 
season, and a weakly alkali reaction in the 
capillary fringe zone. We see a great differ- 
ence between the salt and water pH values in 
the upper part of the soil profile of a solod, 
which points to great exchangeable acidity. 
Exchangeable H and Al (Table 5) have been de- 
tected to a depth of 70 cm. The greatest ex- 
changeable acidity and the highest content of 
exchangeable H and Al are typical of the A,, A,/ 
A,, and the A, horizons. 


The acid reaction of the upper part of the 
soil profile is explained by the accumulation 
of acid decomposition products of organic resi- 
due. In 1957, following an extensive flooding 


of the birch-stand depressions by melted 
snows, acidification became more strongly 
developed, especially inthe A, horizon. This 
is also explained, apparently, by the forma- 
tion of available complex acid organo-iron 
compounds under anaerobiosis conditions 
(Table 6). By July the conditions change in 

the direction of increased aeration and, as 

the result of the activity of the micropopulation, 
a transformation of the acid products into more 
alkali products and an over-all alkalization of 
the solod profile take place. In magnitude of 
pH values (to 4,0-3.5 in the salt suspension) and 
character of pH dynamics between spring and 
fall, the upper horizons of solod approach pod- 
zolic soils (19). The pH dynamics of the lower 
horizons of solod, associated with the capillary 
fringe zone, are due entirely to fluctuations in 
ground-water level and intensity of evapora- 
tion. From the moist periods of the year to the 
drier periods, we note a certain increase in 

pH values in the B, horizon (which took place 
in 1957). 


Acid decomposition products of plant resi- 
due are also formed in the surface horizons in 
meadow bog solodized soil. At the same time, 
the strongly alkaline salinized high-standing 
ground-waters are extended downwards. A 
combination or mixture of acid and alkaline solu- 
tions conceals any set changes in pH between 
spring and fall. In moist years we see a sharp 
increase in the pH of the soil. This, obviously, 
is associated with the irrigation of peripheral or 
outlying parts of the bog covered by sodium car- 
bonate solonchaks, resulting in an increase in 
salt content and, especially, of sodium carbon- 
ate, in the ground waters beneath the bog. 


In solodized solonetz the reaction is strongly 
alkaline throughout the entire profile, except 
the upper or top solodized horizons where the 
reaction is near neutral. In wet years (1957) 
we note a stronger alkalinity of the soilasa 
result of the passage of sodium from an ex- 
changeable state to a water-soluble form. 


The content of water-soluble substances in the 

3 above-mentioned varieties of solodized soils 
differs (Table 7). Solods contain a small quan- 
tity of water soluble substances: the solid resi- 
due is not more than 0.08% throughout the pro- 
file, increasing somewhat in the A, horizon 

(to 0.17%) owing to water-soluble organic com- 
pounds. During the spring, summer, and fall, 


Table 5 


Exchangeable acidity, meq/100 g of soil (after Sokoloy) 


Profile No. 


Horizon and depth, 
and soil 


338. Solod Ay 


0 —10 


Ai/A, 18—26 


Total ex- 
changeable 
acidity 


Note: Comma represents decimal point. 
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Table 6 


Content of ferrous iron, mg/100 g of soil, 1957 


Profile No. and soil 


338. Meadow solod 


349. Solodized meadow 
bog 


337. Solodized solonetz 


Time of determination 


May 20 | May 25 | June 5 


5,00 
3,75 


1,25 


None 


2,50 
Ae 25 
None 


" 


5,65 | 4,00 


None 


Al 


10,00 


Traces 


Note: Comma represents decimal point. 


the total quantity of water-soluble substances 
hardly changes; only the content of water-solu- 
ble humus will fluctuate somewhat, increasing 
in the spring and decreasing towards the fall. 
The composition of water-soluble substances 

in solods is somewhat unusual; despite an acidic 


reaction we find in almost all the horizons, water- 


soluble Na, the quantity of which increases some- 
what in the illuvial horizons. At the same time 
we note an increase in these same horizons of the 
alkalinity and SO, ion. Calcium bicarbonates 
predominate in the salt composition of the A,, 
A,/A,, and A, horizons; sodium bicarbonates 

are predominant in the B, and B, horizons. 

An increase in the content of sodium bicarbon- 
ates in the illuvial horizons is responsible for 

the solonetzization of the soil (Table 7) 


There are more water-soluble substances in 
meadow-bog solodized soil than in solods, This 
is because they occur in a lowland (flat country) 
which is a region of salt accumulation from 
surrounding areas covered by solonetzes and 
solonchaks. In the upper horizons we find 
the greatest quantity of water-soluble substances 
— 0.4%-0.5%; downward throughout the profile 
the quantity of water-soluble substances de- 
creases gradually (chiefly caused by a decrease 
in water-soluble humus) and in the lower hori- 
zons the water-soluble substance content is 
about 0.1%. Sodium and bicarbonate and sodium 
carbonates are predominant among the water- 
soluble substances; in addition sulfates and 
sodium chlorides are present. During dry 
periods of the year we observe an increase in 
the total salt content in the soil, In the A,/A, 
and A, horizons there is a particularly active 
accumulation of sodium carbonates, causing 
solonetzization of the soil. (Table 7). In the 
spring the meadow-bog solodized soil is leached 
by waters (Table 2) containing chiefly bicarbon- 
ates, sodium carbonates, and having about 1 g/ 
liter mineralization; this, to an even greater 
degree, contributes to solonetzization and, at 
the same time, to solodization of the soil. 


In solodized solonetz, excluding the actual 
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A, surface horizon, we find noticeably more 
water-soluble substances — up to 0.6% in the 

B, horizon, Between spring and fall, in connec- 
tion with evaporation of capillary-suspended 
solutions and drying up of the A, horizon, we see 
a certain increase in the A, horizon of salt con- 
tent, increase in alkalinity from the normal car- 
bonates, and a solonetzization of the soil. 


A study of the character of present-day proc- 
esses and the conditions of their occurrence in 
solodized soils enables us to draw the following 
conclusions: 


Typical of meadow-bog solodized soil are: 
an extensive excess of moisture, low ORP values 
during the first half of the summer plus sufficient- 
ly high ORP values during the second half of the 
summer, and periodic action of mineralized 
sodium carbonate ground waters. 


Solods are also characterized by increased 
moisture throughout the entire profile (except 
for 1.5-2 months of the driest time of the year 
August-September), by an acid reaction of the 
upper part of the soil profile, by high and homo- 
geneous ORP values throughout the profile 
during the spring and summer (with a notice- 
able separation of the A, horizon during the 
driest period), and by a pulsating regime of 
weakly mineralized ground waters. 


Solonetzes differ sharply from these 2 vari- 
eties of solodized soils by severe profile desic- 
cation for almost the entire warm period of the 
year, by similar ORP values throughout the 
profile, and by temporary effect on the surface 
horizons of capillary-suspended solutions formed 
by atmospheric precipitation. 


Thus, various processes are presently taking 
place in these soils, and solodization assumes 
varied forms. 


The bog process is predominant in meadow- 
bog solodized soil, The solodized horizon is 
formed under an alkaline medium and a recurring 
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Table 7 


Date on the water extract from solodized soils, meq, 1956 


Profile No. Alkalinity 


soil, and Horizon and 
time of soil depth, cm co, | Total 
sampling 
40 0,17 
95 0,03 
40 0,07 
40 0,03 
40 0,05 
40 0,05 
40 0,04 
40] 0,16] 0,15 |Trace]} 0,17 
20] 0,08/Trace} " 0,03 
10} 0,08} 0,06] ™ 0,02 
05} 0,08] 0,07 | =" 0,02 
53—65 J ,05!None! 0,25 | 0,92 | 0,06 
70—80 us ; 0,14 j0, 3,05) 320,31 ,04 | 0,05 
410—120 }| " Oi |e 10} 0,08} 0,32 ; 0,10 
September j 0,17 
0,08 
0,04 
0,04 
0,06 
0,07 
0,05 
349, A, 0—12 | 0,07 0,45 
Meadow- Ai 45—25 0,08 0,24 
bog solod-} Ai/A,  30—38 | 0,33 0,16 
ized soil, | A, 38—48 | 0,25 0,14 
July Bi 70—8) | 0,04 0,08 
September 0O—12 | 0,08 0,38 
45—23 | 0,09 0,19 
30—38 | 0,35 0,20 
38—40 | 0,27 0,18 
70—80 | 0,04 0,10 
SBE A 0—4 None 0,03 
Solodized | A, 5—8 0,32 0,24 
solonetz, | By 140—29 | 1,66 0,48 
May B, 22—30 | 2,32 0,65 
3 40—50 | 1,60 0,35 
70—80 | 0,95 0,22 
July 04 None 0,03 
40—20 | 0,43 0,57 
22—30 | 2,08 0,59 
40—50 | 1,84 0,34 
70—80 | 1,20 0,11 
430—140 | 1,16 | 0,06 
September O—4 | None ; 9,44 [None |Non¢o,07| 0,v2| 0,55 [Nd detd 0,03 
5—8 0,64 | 2,64 uy Os 2 cO,0cledcaon lie: 0,36 
40—20 | 1,97 | 4,73 | 0,45 j0,120,13) 0,04) 6,74] ' 0,55 
22—30 2,32 | 5,56 | 0,12 J0,150,19) 0,12) 8,26 at 0,62 
40—50 | 2,08 | 4,04 | 0,19 ]0,150,09] 0,03] 6,19 | " 0,34 
7O—80 | 1,20 | 3,20 | 0,15 |Non@,09] 0,04] 4,02] " OMT 
130—140 | 0,24,1 4,80 | 0,15 | ' 10,45} 0,06) 1,83} ' 0,06 


Note: Comma represents decimal point. 
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action on the soils of sufficiently mineralized 
sodium carbonate soil ground waters, In "live" 
solodization is included almost the entire A 
horizon with the greatest intensity (during the 
years of observation) in the A, /A, subhorizon. 
The area of maximum solodization may shift 
during years of differing moisture conditions. 
This is why solodization signs are detected in 
several horizons of meadow-bog solodized soil. 


A soil-formation process similar to podzolic 
is being developed in the top part of the solod 
having a well-developed solodized horizon 
under an acid reaction, and with constant leach- 
ing by fresh-melted snows. But, at the boundary 
of separation of the solodized and illuvial hori- 
zons we can now see a "live" solodization of 
the upper part of the illuvial horizon. This 
occurs as a result of the constant action of up- 
ward solutions of weakly mineralized soil 
ground waters alternating with leaching effect 
of melted snows. 


The formation in solonetz of a solodized hori- 
zon is associated with the decomposition of the 
upper part of the illuvial solonetz horizon by 
a constant alkaline reaction, and a very tempor- 
ary excess wetting of the upper part of the 
profile, (A, and A, horizons) by capillary-sus- 
pended solutions. 


Received July 28, 1960 
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SPECIFIC RESISTANCE OF GREY FOREST SOILS DURING PLOWING 
IN THE PAKHOMOVO SOVHOZ,TUL’SKAYA OBLAST’ 


P. U. BAKHTIN and V. I. VOLOTSKAYA, V.V. Dokuchayev Soil Institute, Academy of Sciences, 


USSR 


Soil-geographic, agricultural chemical 
and physical studies were conducted by the 
V. V. Dokuchayev Soil Institute, Academy of 
Sciences, USSR, at the 'Pakhomovo" sovkhoz 
in order to work out methods for mapping soils 
on a large scale. Studies were also begun in 
1958 on the physico-mechanical and technologi- 
cal properties of soils: the optical moisture 
of soils during cultivation; the specific resis- 
tance of soils during plowing; hardness; shear 
strength of soil, internal and external fric- 
tion; plasticity; stickiness, etc. 


Most of these properties have been deter- 
mined from the genetic horizons of the princi- 
pal soil subgroups under changing crop prac- 
tices and a varying soil moisture. 


These studies enable us to compile carto- 
grams on the specific resistance of soils 
during plowing, and to have basic mechanical 
soil indicators necessary for estimating the 
sturdiness of soil cultivating implements. 


In this article we shall touch on: 1) the 
optimum moisture required for cultivating 
these soils, and 2) the specific resistance of 
soils during plowing. 


We conducted our studies in a region of wide- 
spread grey forest soils which, according to 
Rozov's (11) data, occupy 44% of the territory 
of the Tul'skaya Oblast'. (the northern part 
and a small area of the west). 


V. V. Dokuchayev (3) was the first to sep- 
arate this zone. The zone covers large areas 
of plowed soils between the podzolic and cher- 
nozem zones, 


According to Troitskiy's data (13), the 
principle areas in the region of the 'Pakhomo- 
vo" sovkhoz are covered by the following 
groups of soils: the first area, by light-grey 
forest soils with a varying degree of podzoliza- 
tion and gleying; the second area, by grey forest 
soils with signs of surface gleying: the third 
area, by grey forest soils with signs of sub- 
soil gleying and by grey forest soils with gley 
sub-soil, 


The humus content in the plowed layer of 
the first two soils, which cover the largest 
areas of the sovkhoz, is 2%-2.5%, profile 
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numbers 572, 567 (13). The humus content 
decreases sharply with depth. In isolated 
spots we find a second humus horizon. The 
content of absorbed cations Ca++, and Mgt 

in the plowed layer is about 10-15 meq. ; 

the salt pH is about 5. Podzolization is 
expressed in the form of an intensive white 
powdering of soil aggregates. The thickness 
of the humus horizon varies between 25 and 30 
cm. The illuvial horizon is clearly developed. 


In the third group of soils situated usually in 
areas with high ground waters (2-4 m) the 
humus content in the 0-10 cm layer, accord- 
ing to Troitskiy's data (13), varies between 
30, and 3.7% (Profile No. 200, The adsorbed 
cations in the 0-5 cm and 24-29 cm layers 
total 15.9 and 23.1 meq, respectively. These 
soils ina moist state are dark. From the 
description by Troitskiy (13) and his collea- 
gues, the grey forest soils with gleyey sub- 
soil have a grey, blocky to powdery Aplowed 
layer, 0-25 cm thick, which passes abruptly 
into the 25-42 cm. A, horizon, which is dark- 
grey, almost black, and has a granular struc- 
ture and a light grey powdering throughout 
the faces of the structural units. 


The soil of the individual fields on the 
Shevernyayevo farm and Vysokoye farmstead, 
where we made our study, is complex. We 
may find on the very same field several soil 
varieties by subgroups and by the erosion state 
of the plowed layer. The relief is undulating 
with a sharply expressed microrelief. 


As we see from Table 1, coarse silt (0.05- 
0.01 mm in diameter) is the predominant frac- 
tion. From Kachinskiy's classification (5), the 
soils belong to the fine clay loam, coarse silt 
group. There is noticeably more clay in the 
grey forest soils with gleyey sub-soil than in 
the light grey forest podzolized soil, which is 
associated with the different formation condi- 
tions of these soils. 


Maximum hygroscopic moisture in the light- 
grey forest podzolized soil (Profile No. 3) is 
in the plowed layer 4, 1%-4.5%, in the grey 
forest soils 5.2%-5.5%; the minimum or field 
moisture capacity for these soils equals, 
correspondingly, 32%-33%. As we see, there 
is between the maximum hygroscopic moisture 
and field moisture capacity a great range of 
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Table 1 


Data on the particle-size analysis of soils after the Kachinskiy method 


Particle diameter, mm 


during 
HCl 1,0—0 
treatment »0O—0,25 | 0,25—0,05 | 0,05—0,01 | 0,01—0,005]0,005—0, 001 < 0,001 acs 
eee cco Ds a uO oe ee ee en 


Light grey forest podzolized. Profile No. 38 


,718 | 1,74 3,96 43,60 14,36 14,36 48,20 46,92 

1,92 1,80 Shoe 51,02 15,04 14,84 141,76 41,64 
Grey forest podzolized. Profile No. 567 
2,9 | 2,0 2,4 44,6 24,7 Dal 16,8 47,6 
3,0 3,4 2,8 43,0 20,6 13,0 | 14,5 | 48,1 
Grey forest with gleyey sub-soil. Profile No. 200 

Tee 2,4 0,7 51,2 sl SO) 10,8 21,6 43,4 

13 0,8 ikea 47,3 9,2 8,8 abla) 49,0 


Note; Comma represents decimal point. 


available moisture, amounting to about 25%- 
29%. This positive quality in these soils is 
explained, in our opinion, by the unique dis- 
tribution in them of separates (predominantly 
coarse silt). 


In connection with moisture properties, a 


knowledge of the optimum soil moisture required 


for the soil's mechanical cultivation is of great 
interest. The moisture of initial sticking is the 
upper limit of soil moisture after which the 
quality of the plowland suddenly deteriorates 
and the mechanical energy consumed in plow- 
ing, according to Kachinskiy (7), increases. 
The moisture of the lower limit of the soil's 
plasticity is of great importance in determining 
the optimal moisture during soil cultivation. 
Studies have shown that the tendency toward 
deformation of clay and clay loam soils in- 
creases sharply with their transition from a 
semi-hard to plastic state. We assume that 
the lower plastic limit may be used as the 
boundary separating the two soil states, with 

a high and low rate of deformation. The stick- 
iness of clay and fine clay loam soils begins to 
become apparent, as a rule, when the moisture 
is somewhat lower than the lower plastic limit 
in the medium and coarse clay loams, and also 
in the sandy loam soils when the moisture is 
somewhat greater than the lower plastic limit. 


The highest quality of plowland and the mini- 
mum energy consumption required to produce 
it (according to Kachinskiy) are observed when 
the moisture is 2%-3% less than the moisture 
of the initial sticking of the soil to cultivation 
implements (?). At this time the soil does not 


stick to the implements, but the stickiness with- 


in the soil contributes to the aggregation of soil 
particles. In connection with the fact that the 


stickiness of coarse clay loams and sandy loams 


is above the lower plastic limit, the range of 
optimum moisture is considerably broader for 
coarse-textured soils than for fine-textured 
soils. 
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Table 2 gives data on the plasticity of soils 
studied, The lower plastic limit of light grey 
forest podzolized soils (spring wheat stubble), 
where a dynamometer study was made, fluctu- 
ates around 20% absolute moisture or 60%-66% 
relative moisture. It increases to 21%-23.5% 
absolute moisture or to 64%-66% relative 
moisture on clover plots in the 0-20 cm layer, 
which, obviously, is due to the large aggrega- 
tion of soil beneath perennial grasses. Con- 
sequently, the soils beneath perennial grasses 
can be cultivated with greater moisture than 
the old plowed soils. 


The plastic number, in connection with an 
increase in its upper limit, increased notice- 
ably on the plot, where, in 1946, clay had been 
plowed up — onto the soil surface after the 
Bushinskiy method (1). This implies a great 
clayiness of the soil after its "radical altera- 
tion. 


The lower plastic limit was somewhat. 
higher on the plot of grey forest soils with 
gleyey sub-soil (deeply humified) where the 
soil had undergone radical alteration after the 
Bushinskiy method, than in light grey soils 
and equals 21%-22% absolute moisture. 


Data on the determinations of stickiness in 
light grey forest podzolized soil under second 
year clover, assigned by Kachinskiy to the 
medium sticky soil group, is given in Table 3. 


Considering the plastic and sticky indicators 
of light grey forest podzolized soils of the 
"Pakhomovo" sovkhoz, the optimum absolute 
moisture required for their cultivation under 
stubble of previous crops is equal to about 
19%-20%, on the soil of perennial grasses — 
21%-22%. This limit drops to 17%-18% on so- 
called radical alteration plots after Bushin- 
skiy; for grey forest soils with gleyey sub- 
soil (humified) it equals approximately 21%- 
23%. Under production conditions the upper 
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Table 2 


Plasticity of soils of the ''Pakhomovo"' sovkhoz 


Soil, field number and preceding 
cultural practices 


Field No. 5. Oats stubble. 


Grey forest gleyey-sub soil 
(after "radical alteration"). 
Field No. 5. Oats and pea stubble 


Note: Comma represents decimal point. 


Table 3 


Stickiness of light grey forest podzolized 
soil. Field No. 8 A _ layer 
(0-20 erpjowed 


Moisture, % 
Absolute 


Stickiness, 
g/cm? 


Relative 


22,3 70,0 0,05 
27,9 83,8 1,26 
29,2 87,7 2,14 
29,6 88,9 2,02 
34,0 102,14 2,77 


Note: Comma represents decimal point. 


moisture limit of fine and medium clay loam 
soils (soil of perennial grasses) may increase 
during cultivation by 1%-3%, but no higher 
than the lower plastic limit; for coarse clay 
loam and sandy loam soils it may be increased 
considerably. 


If we compute the upper limit of optimum 
moisture required for cultivating soil based 
on indicators of soil stickiness, plasticity, 
visual observations on plowing, the lower 
moisture limit will be, for the time being, 
determined approximately by the cloddiness of 
the plowland, etc. 


Depth, 
cm 


Lower plastic 


Upper plastic 


limit or boundary A Plastic 
of rolling-out ie number 
after At- 
terberg, 
Moisture, % ey Oa 
Abso- | Rela- | Abso- Rela- lute % 
lute tive lute tive 


Light grey podzolized fine clay (pe iG Hh) LF ey 65,2 he) 95,8 40,2 
loam, coarse silt soil. Field 5—10] 20,6 57,9 3152 87,7 40,6 
AGB a WEEMS: 45—20] 20,3 | 62,9 | 30,6 | 94,8 | 10,3 

20—30| 19,3 65,7 29,7 |101,0 10,4 

Same. ... Field No. 8. Second year O—10} 23,5 66,4 Best 93,5 9,6 

clover 45—20] 20,8 64,4 31,6 97,9 40,9 
20—30} 18,8 08,2 28,7 88,9 9,9 

Same, but plowed with a sub- 0O—10| 49,7 90,8 33,9 94,9 13,8 
soil plow, after V. P. Bushinskiy, 40-25 | 22053 63,0 34,0 | 105,3 ASer 
to 50-60 cm with soil turned over. 25—40| 19,8 78,6 32,3 428,2 42,5 
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As Kachinskiy's data (7, 8) revealed, the 
restriction of the lower limit of soil moisture 
by a coefficient varying between 1 and 1.75 
of maximum hygroscopic moisture in the vari- 
ous soils (10) has not solved this problem 
either (especially for the grey forest and sod 
podzolic soils). In general, we must point 
out that, despite numerous discussions in our 
country and abroad on the problem of deter- 
mining the upper and lower limits of soil 
moisture required for cultivation, these 
limits (particularly the lower moisture limit) 
have, as yet, no "constant" characteristics, 
which take into account the various soils, soil 
cultivating implements, their operation rate, 
and the different cultivation depths. This ex- 
ceptionally important problem for agriculture 
should be solved scientifically in the near 
future. Without such a solution, a rapid soil 
cultivation, which will be put into practice 
more and more in the already begun 7-year 
period, cannot be accurately worked out. 


The specific resistances of soils were de- 
termined by the P-5-35M plow (5 furrow 
tractor plow) with skim-coulters drawn by the 
diesel motor tractor DT-54 in second gear. 

A traction hydraulic dynamograph designed by 
the All-Union Scientific Institute for Research 
in Farm Machinery (VISKHOM) (a) type 1A, 
and a traction tractor calibrator designed by 
Korobochkin (RTTK -- Agricultural Physics 
Research Institute) were used (9). The depth 
of plow travel during the dynamometer study 
varied widely. 
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Table 4 


Specific resistance of soils 


Soil moisture % 


Trac- Specific 


oa tion re4resist. 
Soils, field number, and previous eee pers eePias sist- | of the 
cropping practices Plow! Ut lance of soil, 
Abso-| Rela- | Abso-| Rela-! cm | tion the ke/ 
lute tive lute tive | plow,ke}] em? 
\ | 
Sept. 6.light grey forest podzol- 20,4 | 59,3 | 19,4 | 61,0 | 14,0 2420 | 0,82 


Field No. 8. Soil of second year 
perennial grasses ‘ 19,9 | 58,7 | 18,7 | 58,8 | 19,4 


ized fine clay loam coarse silt. 20,8 | 61,4 | 19,4 | 61,0 | 17,6 : 2480 | 0.66 
3 
20,6 | 60,8 | 17,5 | 73,9 | 24,0 3) 


Sept. 2, 3and 10. Soil the same. | 20,5 | 60,5 | 20,20] 63,5 | 20,4 | 412 | 2375 | 0,57 
Field No. 7. Oats stubble. 20,7 | 60,7 | 18,6 | 78,5 | 22,0] 49 | 2440 | 0,53. 
21,4 | €3,1 | 20,8 | 87,8 | 23,6 6 | 2384 | 0,50: 


2054.) 60; 2>)16,97 (871,38 |e20,6 3 | 2612 | 0,50 


Sept. 10-13, Same soil and | 18.5 54,6 | 47,8 | 55,8 | 20,0] 4 | 2020] 0,48 
a ee emer 15 23,9/1 08,711, Cole 74534] 121, 0st, tendo Onl O sao 
(A). 49,8 | 58,4 | 17,3 | 73,0 | 23.0] 6 | 2448 | 0,44 

19.8158,.4| 18.5 178,11] 24.7) 3 ae 0,45 
18,5 | 54,6 | 15,4 | 63.3 | 26,3] 4 | 2360 | 0,42 

Sept. 20-23. Preceding cropping | 19,8 | 58,4 | 20,8] 65,4 | 16,1] 1 | 2660] 0,76 
practices and soil the same. In 4953 | 00,97 1 2064 1163 52 1817 29 7 | 2625 | 0,66 
1946 deep plowing, after Bushin- | 4g 6 | 54,9 | 20,0 | 84,4 21,0| 5 | 2852 | 0,64 
ee ee ce ride | 56,4 (20,2 | 85,3, 1024-3 1m 4 et[P 20701 | 00168 
36099 cm. Pield Ne. 3 (BY, 19,8 | 58,4 | 20,9 | 88.2} 27.8] 4 | 3100 | 0,59 


gleyey subsoil (dark-colored). In| 9 
1946 deep plowing, after Bushin- 9 x 
skiy, in the following years or- ’ 
dinary plowing. Field No. 5 (C), 
Pea and oats stubble. 


Sept. 18. Grey forest soil with 2k, 


Sept. 17. Grey forest soil with 20,7 | 58,3 | 20,7 | 81,5 4 2450 | 0,54 
pleyey dark-colored), Field Nos 14808 | 58,6-|-18,5°| 72,8 :|/24,4'1) 5 | 2488: |/0;49 
pe ounttow cr fOr oliaaes 24:9 | 61.7 | 19.8 | 77,8 | 25.4| 6 | 2386 | 0,45 

22,3 | 62,8 | 18,3 | 72,0 | 26,7] 4 | 2440] 0,44 

Sept. 28, Grey forest soils with 8,7 | 80,9 | 27,7 |109,1 | 20,6} 3 | 2045 | 0,48 
signs of surface gleying. With a | 97g | 78,3 | 22,8] 89,8] 21,6] 3 | 1933 | 0,43 
double humus horizon, Field No. 28.7 | 80,9 | 26,5 |104,3 | 23,2 2 2060 | 0°43 


8. Winter wheat stubble. ''Vyso- 
koye'' farmstead, 


i 


2Wherever the depth of plowing was more than 20 cm, the soil moisture is given for the 20-30 
cm layer and not for the 10-20 cm layer. 


On designating soils, we are following the classification scheme for soils of the ''Pakhomovo" 
sovkhoz, as proposed by Troitskiy (13). 


Note: Comma represents decimal point. 


Table 4 gives specific resistance indicators Farm, and on areas of the ''Vysokoye"' farm- 
r soils on the experimental areas of the stead with various soils and previous crops in 
’akhomovo" sovkhoz, the Shevernyayevo 1958, 
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The soils, plowed by a subsoil plow, after 
the Bushinskiy method, to a depth of 50-60 cm, 
were, at first, very difficult to cultivate by 
ordinary means, because the clay illuvial hori- 
zon had been plowed up onto the surface, while 
the plowed humus layer was laid somewhat 
deeper and, consequently, the areas were 
abandoned for several years. In recent years 
these areas were plowed for agricultural 
crops, but even until now the cultivation of 
these soils has been extremely difficult. It is 
especially difficult to cultivate the light grey 
forest podzolized soils, which, at the sur- 
face, present a thoroughly untillable structure- 
less clay (Field No. 5). Deep plowing of grey 
forest soils with gleyey subsoil (fairly deeply 
humified) did not lead to a noticeable deterior- 
ation of their physical properties, as in the 
preceding case. 


We determined the specific resistances of 
all soils typical of this region and of soils 
which have been subject to so-called radical 
alteration. Included are the basic previous 
cropping practices: perennial grasses, winter 
and spring wheat stubble, and row crops. As 
we can see by analyzing Table 4, the dynamo- 
meter study was made when the moisture ap- 
proaching the optimal moisture required for 
soil cultivation, was primarily within limits 
of 17.5%-20.5% of the absolutely dried weight 
of soil. As far as the other areas were con- 
cerned, moisture was somewhat lower at the 
depth of plowshare on Field 5 (B). There was 
a noticeable increase in soil moisture on the 
area of the "Vysokoye" farmstead beneath winter 
wheat stubble — the moisture exceeded opti- 
mum moisture by 3%-5%; but at the depth of 
plowshare it was equal to the optimum mois- 
ture and no sticking on the moldboard took 
place. The excess moisture in the upper 
layer had a greater effect on the operation of 
the tractor, the caterpillar tracks of which 
made severe impressions in the soil. A 
fairly rapid drying-up of the soils of the 
"Pakhomovo" sovkhoz after periods of rain 
was observed. The entire month of Septem- 
ber was favorable for fall plowing; only at 
the end of the month was the moisture in 
the soil, in spots,above the optimum value. 


We shall begin with the specific resistance 
characteristics of light grey forest podzolized 
soils having signs of surface gleying from 
the soil area of perennial grasses, The max- 
imum specific resistance — 0.82 kg/cm? was 
recorded when the plowing depth was 14.0 
cm, and the minimum specific resistance 
— 0.60 kg/cm? when the plowing depth was 24 
cm. According to Shchuchkin's (15) classi- 
fication these indicators are associated with 
medium heavy and heavy resistances. The 
specific resistance decreased with an in- 
crease in the plowing depth. However, the 
total traction resistance of the plow increased 
from 2420 to 3058 kg, having surpassed in this 
latter instance the standard showings of the 
DT-54 tractor in first gear, 


This is a very interesting aspect of the 
matter which is not often taken into account 
in production: the assumption that resistance 
is increased with subsoiling at the same time 
as the total traction resistance of the plow is 
increased, An increase in specific resistance 
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is observed only when the compaction and hard- 
ness of the soil increases with subsoiling (or 
increase of top soil). To explain why the 
specific resistance may decrease when the 
total traction resistance of the plow increases, 
let us examine the formula of V. P. Goryachkin 
on the traction force of plows: P = {G+ K,ab 

+ Eabv? where P -- is the traction force of the 
plow in kilograms; f — the drag coefficient 

of the plow in a furrow; G — the weight of the 
plow; a — the plowing depth; b — the plow 
width; K, - the soil deformation coefficient 
for a unit of areas of cross-section of the 

soil: v — the rate of plow operation in meters 
per second, E — the coefficient describing the 


effort required by the plow to cast the soil aside 


Without going into an analysis of all the 
terms of Goryachkin's formulas, we shall dwell 


P/ab, 
kg/cm? 


285 


P; 
kg 
5100 


080 }- 2900 
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‘060 | 2600 


U55 L2000 
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Fig. |. - Change in the specific resistance 

of soil Ky) = P:ab and traction resistance of 

the plow P as a function of the plowing depth 
of light grey, forest, fine clay loam, 

coarse silt soil. 

a - clover and second year timothy; 

oats stubble on a fall-plowed field; 

same; deep plowing, 1946. 


Bu= 
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on the K, coefficient, which is important in 
actual practice. This coefficient describes 

the main part of the plow resistance required 
for soil deformation. Relying on numerous ex- 
periments, the author of this formula concluded 
that plow resistance is a linear function of the 
area of cross-section of the soil! (and depth). 
A deviation from this pattern may be due to the 
effect of a variable soil resistance in connec- 
tion with the different depth of previous plow- 
ing; this is, when a more compact or friable 
subsoil is involved. 


By examining the first term of Goryachkin's 
formula — fG, representing the so-called ''dead" 
resistance, which depends upon the weight of the 
plow G and the coefficient f and independent of 
the plow depth, and the second term — ab, 
directly proportional to the plow depth with a 
given plow width, we arrive at the following con- 
clusion: the total plow resistance for one square 
centimeter of cross-section decreases with sub- 
soiling when the plowed layer is similar. This 
is the case, because in a homogeneous plowed 
layer the soil deformation coefficient K, re- 
mains the same, while the deformation effort 
increases only from the cross-section of soil. 
At the same time, the dead resistance of the 
plow {G, independent of the cross-section of 
soil, will be distributed over an entire large 
area as the cross-section of soil increases. 
Therefore, in shallow plowing which creates 
a small cross-section of soil, the ''dead" re- 
sistance, remaining unchanged, but relatively 
large, will increase the total specific resistance 
K,, occurring on a unit of cross-section of soil, 
if we compute it according to the simplified 
equation: P=K,a-b, or K,=P. In this formula 


the coefficient K,, in contrast to the deforma- 
tion coefficient K, in the second term of Gor- 
yachkin's equation, includes not only the ef- 
fort required for soil deformation, but also 
the efforts exerted in dragging the plow — 

the "dead" resistance fG, — and in casting the 
soil to one side. 


Based on the foregoing, the specific re- 
sistance should decrease with an increase in 
the depth of plowing, when we have a homo- 
geneous compact soil, which is seen in our 
case on the soil of perennial grasses. Ac- 
counting for these peculiarities in the investi- 
soils is of a great practical import- 
ance. Not only the data of Goryachkin, but 
that of Seleznev (12), Furman (14), and others, 
are evidence that on homogeneous compact 
soils the specific resistance decreases with 
depth during plowing. 


The change in the specific resistance of the 
soil A and in the traction resistance of the 


plow as a function of the plow depth is shown in 
Figure 1 A. With an increase in the depth of 
plowing, given the same plow width, the trac- 
tion resistance of the plow P is increased as a 
straight line, whereas the specific resistance 


1According to the latest data obtained by Kapparini 
(4) this is observed only to a depth of 45 cm. Further 
subsoiling upsets this pattern because the effort being 
exerted in casting the soil aside increases sharply. 
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= decreases. On field No. 7 with the same 


soils beneath oats stubble the specific resist- 
ance is basically associated with mean values 
hovering about 0.50 kg/cm?. Only at the 
minimum depth of 20 cm does specific resis- 
tance equal 0.57 kg/cm?. On field 5(A) with 

the same soils we observe somewhat lower 
values in the specific resistance of soils dur- 
ing plowing — 0.48 — 0.42 kg/cm? than on 

fields No. 8 and No, 7. The plow depth changed, 
accordingly, from 20 to 26 cm. 


The graph in Figure 1-B shows the change 
in the specific resistance of the ee and 
a 


the traction resistance of the plow when the 
plow depth increases. We see the same pat- 
tern which exists on the previous fields 8 and 
Me 


Table 4 gives the specific resistance indices 
of the same soil on field No. 5 (b), plowed in 
1946 by a subsoil plow to a depth of 60 cm 
following the Bushinskiy method. In 1958 
oats were planted here by plowing the field in 
the fall to 20 cm. In connection with the sudden 
deterioration in the physical properties of the 
plowed layer after deep plowing, we recorded 
a sharp increase in the specific resistance of 
the soil, which changed from a medium re- 
sistance to a medium heavy and heavy resis- 
tance. 


The specific resistance decreased from 
0.76 to 0.59 kg/cm? when the plowing depth 
increased from 16,1 to 27.8 cm, while the 
traction resistance increased from 2660 to 
3100 kg. The pattern in this case stood out in 
sharp contrast to the previous one, because 
the plowshare in individual places penetrated 
the sod humified layer piled edgewise by the 
plowed subsoil, when the plowing depth was 
over 20cm. The tractor operated unevenly, 
in jerky motions, on the radically altered 
areas and, in several places turned and 
slid (Figure C). 


On field 5(C) under peas and oats on grey 
forest soils with gleyey subsoil and a deep 
dark-grey humified horizon, deep plowing 
(1946) likewise increased the specific resis- 
tance but less than on the light grey forest 
podzolized soils. When the plowing depth 
increased from 24.3 to 27.5 cm, the specific 
resistance decreased from 0.53 to 0.46 kg/cm?. 
On the same soil under sunflower on Field No. 
6 the specific resistance changed from 0.51 
to 0.44 kg/cm? with the increase in the plow- 
ing depth from 23.2 to 26.7 cm. 


On the ''Vysokoye" farmstead, field No. 8 
containing grey forest soils with signs of sur- 
face gleying and with a double humus layer was 
covered with a winter wheat crop, A dynamo- 
meter study of the plow revealed minimum 
specific resistance values for the soil, varying 
within limits of 0.43-0.48 kg/cm2, 


The general pattern of decrease in specific 
resistance of soils with an increase in the 
plowing depth is confirmed also by data on the 
bulk density of soil, which we determined on 
the individual strips where we made our dynam- 
ometer study. This data is given in Table 5. 
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Table 5 


Change in the bulk density of soil at various depths, g/cms 


Field No. 8, perennial grass sod 


Field No. 7, oats stubble 


Oats stubble on light grey 
podzolized soils 


Oats and pea stubble on 
grey forest soil with 
gleyey subsoil 


Field No. 5. Cul 
tivation in 1946 
after Bushin- 

skiy 


Depth, cm 


1,25 | 1,33 | 1,42 | 1,36 


Note: Comma represents decimal point. 


We see from Table 5 that the bulk density 
of soil on the four areas at the depth of plow- 
share operation did not increase, as was some- 
times the case with compact and hard subsoil. 
On the contrary, it decreased, which, together 
with the excellent blocky-granular structure of 
the subplowed layer, led to a decrease in the 
specific resistance of soils during plowing. 


If we compare the shape of the specific re- 
sistance curves on all 3 graphs and especially 
on the second and third, with flucutations in the 
bulk density of the soil, we see that the specific 
resistance varies widely in the range of bulk 
density by depth. Wherever it increases, the 
curve of specific resistance rises upward 
sharply; the curve of specific resistance also 
drops more abruptly when the specific resis- 
tance decreases sharply with depth. 


Conclusions 


1. These are the first results of determining 
the specific resistance of soils of the ''Pakho- 
movo" sovkhoz during plowing: a) of light grey 
forest podzolized soil beneath second year 
perennial grasses and on oats stubble; b) of 
grey forest soil with gleyey subsoil under peas 
with oats and sunflower for silage, c) of 
grey forest soil with a double humus layer 
and with surface gleying under winter wheat 
for green forage; d) on an area of light grey 
soil and grey soil with gleyey subsoil after 
deep plowing following the radical soil alter- 
ation method (after Bushinskiy). 


2, When the moisture of the soil equals or 
approaches the optimum moisture, the maxi- 
mum specific resistance values are obtained 
on clover area, and against a background of 
deep plowing, on light grey forest podzolized 
soils. These values are in category of medium 
heavy and heavy specific resistance (0.60-0.82 
and 0.59-0.76 kg/cm?), On the remaining areas 
the specific resistances of soils are medium. 
On light grey forest soils, in connection with 
their inferior state of cultivation, the specific 
resistances during normal moisture are higher 
than on the grey forest soil with gleyey sub- 
soil, The minimum specific resistance indices 
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are recorded on grey forest soils with a double 
humus horizon (0.43-0.48 ke/cm?). 


3. With subsoiling, despite an increase 
in the total traction effort registered on the 
tractor bar, the specific resistance of the soil 
decreased on all areas, as a result of the high 
state of soil cultivation, decrease in the hard- 
ness of the subplowed layer, and its lower bulk 
density. 


4. The upper limit of optimum moisture re- 
quired for cultivating light grey, forest, pod- 
zolized, and grey, forest soils with subsoil- 
gleyey has been determined. 


Received June 30, 1959 
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COBALT ABSORPTION BY PLANTS IN RELATION 
TO THE HUMUS CONTENT IN SOIL 


N. V. KULIKOV, Institute of Biology, Ural Branch of the Academy of Sciences, USSR 


A study of chemical elements found in micro- 
quantities in the soil-plant system is, apart 
from the general biogeochemical sense, of sub- 
stantial interest in connection with the problem 
of microelements. Resolving this problem 
requires not only a careful study of the bio- 
logical role of these or other microelements, 
but also a knowledge of the patterns of their be- 
havior under various conditions of biogeocoeno- 
sis (1,2,8). The results of such research have 
recently assumed great importance with respect 
to possible radioactive contaminations of indi- 
vidual sections of the earth's surface and the 
problem of deactivating them (9). 


Cobalt is one of the elements extremely 
interesting in this regard. Its radioactive iso- 
tope—Co® is presently being widely employed 
in various branches of industry, medicine, 
agriculture, and in several other fields of 
human endeavor, which may lead to accidental 
accumulations of it in various areas, as a con- 
tamination agent of soil and vegetation. The 
stable cobalt isotope is a microelement which 
plays an important role in the life of animals 
and plants (3, 6,11). We know that cobalt be- 
longs to a group of elements which are stably 
sorbed by soil particles, which explains its ex- 
tremely weak mobility in soils and its low 
availability to plants ty 7,10). Soil liming de- 
creases the intake of this element into plants 
(12); application to the soil of such complex 
compounds as EDTA (ethylenediaminetetra- 
acetic acid) or the ready complex Co-EDTA in- 
creases tenfold Co®° intake into plants and one- 
hundred fold its content in the soil solution (5). 


This report presents data on experiments in 
studying Co® absorption from the soil by plants 
with various amounts of humus in the soil. 


Experiments were replicated twice with 
vetch and oats in 8 kg capacity containers out in 
an open area. The original soil was a well- 
cultivated meadow chernozem-like soil (humus 
after Tyurin—13.1%; pH=6.6), which was in vari- 
ous treatments diluted by leached lake sand or 
enriched by humus. As a result, the treatments 
on total humus content (in percent of dry weight 
of soil) were as follows: 1-13.1, 2-5.1, 3-3.4 
and 4-16.9. A solution of Co% Cl, equal to 
48.75 microcuries per 1 kg or 390 microcuries 
per container was applied to each soil mixture 
prior to planting. The weight of the cobalt ap- 
plied with a radioactive compound was 3.03 mg 
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for 8 kg of coe The original soil without any 
radiocobalt* was used as a control for deter- 
mining the effect of applied dosage on plant 
growth. After planting, visual observations 
were made during the entire growing period of 
plant growth, while 10,20, and 50 days after 
germination, as well as harvest, plant samples 
were takenfrom all treatments so as to study 
radioactivity. The radioactivity of ashed com- 
pounds of various plant parts was measured with 
the B-2 equipment under a BFL-T-25 type count- 
tube or counter. With the harvest at the end of 
the growing period, we took into account (by 
careful washing and thermostat drying to con- 
stant weight) apart from the plant tops, the 

plant roots, which enabled us to reexamine the 
labelled cobalt accumulation by plants in the 
various treatments, in percent of applied 
dosage. 


Visual observations during the growing 
period showed that the radiocobalt dosage which 
we selected had no overpowering effect on plant 
growth. We can clearly see this from the data 
in Table 1, where the basic results of harvest 
and processing the experiment at the end of the 
growing period are set forth. We see from 
Table 1, too, that the dilution of the initial soil 
by sand did not substantially affect the total 
plant biomass, whereas the addition into the soil 
of humus noticeably increased not only the top 
weight but also the root weight. We can clearly 
see from the data on plant radioactivity for 1 g of 
dry matter a difference in radiocobalt accumula- 
tion (especially of the root system) in the various 
experimental treatments. As the initial soil is 
diluted by sand, the radioactivity of plants in- 
creases. However, with the addition into the 
soil of humus the radioactivity decreases sharp- 
ly; in the tops of vetch the accumulation of radio- 
cobalt is several times greater than in the top 
of oats. Recovery of radiocobalt from the soil 
by plants (expressed in percent of amount ap- 
plied) depends upon the extent to which the soil 
is deficient in humus and also upon the weight of 
the plant biomass, and ranges, for oats, from 
thousandths to hundredths and, for vetch from 
hundredths to tenths of a fraction of a percent. 


!The author uses the word "radiocobalt" for cobalt 
having a ratio (as indicated in the text) between the 


weight of the element and radioactivity (Editor's 
note). 


COBALT ABSORPTION 


Table 1 


Dry weight (in g), radioactivity of 1 ¢ of dry matter (in counts/min), 


% 


! Leo and total radioactivity (in 
of applied dosage) of the principal parts of oats and vetch, from treatments with 
the final harvest of the experiments 


Note: 


Comma represents decimal point. 


Figure 1 shows the radioactivity of 1 gram of 
iry tops of oats and vetch at different growing 
Jeriods. Here we see especially well the fore- 
yoing marked difference in radiocobalt accumu- 
ation between the two plant species, and by 
reatments. In addition, the diagram shows 
hat radioactivity per unit of plant weight de- 
sreases noticeably toward the end of the grow- 
ng period. If we express the accumulated 
radioactivity for the weight of one plant during 
he various growing periods, as is done in 
figure 2, we see that radiocobalt absorption by 
ylants continues up to the end of the growing 
yeriod. Table 2 gives the results of radiocobalt 
iccumulation in various parts of plants which 
lave completed their growing cycle of develop- 
nent. Since the general type of isotope distri- 
ution in the plants of various treatments did 
ot change, the table gives mean data from all 
reatments and replications. We see from 
Table 2, that radiocobalt is mostly accumulated 
n the plant roots; in addition, radiocobalt con- 
ent in the roots of oats and vetch is approxi- 
nately the same. There is considerably less 
-adiocobalt intake in the plant tops, but there 
s a greater radiocobalt accumulation in vetch 
han in oats. Radiocobalt distribution through- 
ut the vetch tops is more uniform than in oats; 
here is a somewhat greater radiocobalt ac- 
tumulation in the leaves than in the other parts 
f plants. 


Summarizing, we might point out that on 


oarse-textured soils, with less organic matter, 
ants are capable of accumulating more radio- 


429 


Z| Treatments 
= ie — 
Indi 33 
ndices BE , ' 2 3 4 
838 
-_--_ CO OO SS | 
Oats 
ane Tops 40,5 | 52,4 oot) (4857 470,95 
Dry weignt Rocis 5,8 5,8 575. 19,0 17,3 
, mt Tops — 143 0 20 
Radioactivity per 1 g | Roots 4930 Sh 7250 beh 
: ae! Tops — 0,007 0,012) 0,044 0,012 
Total radioactivity | Roots 0,12 0,16 | 0,40 0,056 
Vetch 
Tops 43,5 | 60,8 94,5 97,8 85,3 
Dry weight | Roots 5,9) |e o, Sel 4 A eA on aad 
Radioactivity per 1 ¢g | aoe a a es rn hie is 
Total radioactivity { eore a ee soe 000 0°033 
Humus after Tyurin, % 13,4 5,4 3,4 16,9 


cobalt than on soils which are rich in organic 


matter. The recovery of radiocobalt from the 
soil by ee depends upon the specific (by 
species) composition of vegetation as well as 


upon that biomass which is able to develop a 
phytocoenosis during the growing period. For 
the two plant species which we studied the total 
radiocobalt removal by the tops (in percent of 
amount applied) was not more than hundredths 
of a fraction for oats or more than tenths of a 
fraction for vetch. These data agree well with 
the results which we obtained in other experi- 
ments and again shows that cobalt applied to the 
soil is converted into forms slightly available to 


Table 2 


Co®° distribution in oats and vetch at the end of 
the growing period (mean data from all 
treatments) 


Counts per minute for a g 
of dry matter 


Parts of plants 


Seeds 
Bean pods 
Leaves 
Stems 
Roots 


N.V. KULIKOV 


counts per min. 
600 


500; 
400 
300 


200 
100 


DORIS 


ee 


- Cobalt content in oat tops (not cross- 
hatched) and vetch tops (crosshatched) by treat- 
ments (1,2,3,4) during different growing peri- 
ods (counts per min.per 1 g of dry matter). 


FIGs Ie 


plants (4,5). It was noted that there was more 
radiocobalt per unit of plant weight during the 
initial phases of the growing period than at the 
later periods, although radiocobalt uptake by 
plants did not cease during the entire growing 
period. The cobalt absorbed by plants is ac- 
cumulated primarily in roots with lesser ac- 
cumulations in leaves and still less in the other 
parts of the plant. 


Received December 30, 1959 
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MANGANESE-IRON CONCRETIONS IN SOILS 
OF THE SUIFENHO-KHANKA LOWLAND 


V. I. ROSLIKOVA, V.L. Komarov Far East Branch, Academy of Sciences, USSR 


We know that the formation of manganese- 
iron concretions (or ortsteins), the study of 
which is of great importance in resolving 
problems of soil genesis, is associated with 
: Es meee or solodization process of 
soil. 


The first to study concretions was Senft (27) 
who assigned them to the general group of iron 
ores, but he did not discover how the concre- 
tions were formed, Processes contributing 
to formation of concretions have been examined 
in studies by the following investigators. 


V.V. Dokuchayev considered (9) that the 
formation of concretions is the result of 
physicochemical processes taking place in 
podzolic soils. As a result of soil formation 
in these soils the iron compounds are leached 
from the surface horizons and ortsteins are 
accumulated in the lower-lying horizons. 
Sibirtsev (22) also saw in the formation of con- 
cretions the appearance "'...of the podzol for- 
mation process, ''"'...in ortsteins, not consider- 
ing sand and clay, are found all those sub- 
stances which are extracted from the soils 
during development of podzol formation proc- 
esses," 


K. D. Glinka (7), and Kravkov (13) associate 
the presence of orsteins in the podzol with 
temporary surface excess moisture as the 
result of which iron compounds together with 
mobile forms of humus are leached from the 
upper soil horizons into the deeper horizons; 
here they undergo complex chemical trans- 
formations, taking part in the cementing of 
these horizons. Vil'yams, (5) who points out 
that mobile compounds of organic acids (crenic 
and apocrenic) participate with sesquioxides 
in the formation of concretions, has expressed 
a similar point of view. 


In Rode's opinion (18) the iron and manganese 
compounds, as products of colloid decomposi- 
tion "during periods of soil profile saturation 
by moisture may be restored, and, then, rising 
toward the surface and oxidizing, precipitate 
from the solution...". Popazov (16, 17), asa 
result of his research, arrives at the conclu- 
sion that concretions in the different soil 
groups were formed at various times under 
the influence of a single type of soil-formation 
process which was related to the present-day 
process being observed in the forest meadow 


zone. Kovda, Zimovets, and Amchislay- 
skaya (12) associate the formation of concre- 
tions in soils of the Zeya-Bureya lowland with 
a hydrogenic accumulation. 


Thus it follows from literary data that there 
exist different views on concretion formation. 
This, obviously, is explained by the fact that 
the concretion formation processes in soils 
takes place in different ways. 


In studying the soils of the Suifenho-Khanka 
plain — the principal agricultural region of the 
Primorskiy Kray — we were able to obtain cer- 
tain data on the characteristics of concretions, 
which is presented in this article. The prob- 
lem of the genesis of these new formations 
in these soils has not been dealt with in litera- 
ture. The physicochemical properties of soils 
from which the concretions have been selected, 
are found in various studies (11, 14, 20, and 
others). We shall point out only that most 
soils formed on the Suifenho-Khanka plain are 
characterized by the presence of a clearly pro- 
nounced whitish A, horizon with a large quantity 
of manganese-iron concretions. The presence 
of this horizon has also been used as the basis 
for designating these soils as podzolic from 
iis time of the works of Ivanov (10), and Glinka 

6). 


Recent investigations conducted by the soil 
laboratory of the Far East Branch, Academy 
of Sciences, USSR, and the V. V. Dokuchayev 
Soil Institute, Academy of Sciences, USSR, have 
yielded a wealth of analytical data which has 
enabled us to reexamine the existing classifica- 
tions of soils in this vast region and to work out 
a new soil classification scheme for soils of 
the Priamur'ye (Amur foreland) and Primor'ye 


We studied concretions from the following 
soils, which were widespread on the Suifenho- 
Khanka plain: 1) brown-podzolic; 2) meadow- 
sod podzolized; and 3) meadow soils with 
signs of solodization. Soil samples were taken 
by genetic horizons from the following soil pro- 
files, laid out in various areas of the Suifenho- 
Khanko plain, 


Brown-podzolic soils: 1, Profile Number 
232. Two kilometers south of the hay mower 
station (MSS) on the Filino-Iman strip, flat 
crest of a ridge (low hill) beneath a thicket 
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of oak, hazelnut, andelm. 2. Profile Number 
292. On the flat lake-illuvial Sredne-Suifenho 
plain beneath mixed grasses. 3. Profile 
Number 105, In the Pozharskiy Rayon, con- 
cretions were selected only from the A, hori- 
zon. 


Meadow sod-podzolized soils. 1. Profile 
Number 26. Primorskaya Experimental Sta- 


tion-city of Ussuriysk, 20-30 year old aban- 
doned land. 2. Profile Number 27. Primor- 
skaya Experimental Station, 10-15 year-old 
abandoned land, 


Meadow soils with signs of solodization, Pro- 
file Number 121. Laid out in the Mo River 
valley, abandoned land beneath a meadow of 
bentgrass and mixed grasses. 


Besides the concretions selected from the 
foregoing soils, we also studied the tubular 
iron formations detected by G.I. Ivanov in 
the outcrops of the Ussuri riverbank at a depth 
of 2-2.5 meters. Similar formations, but with 
a less polished surface, were found by A. V. 
Druzin and G.L Ivanov on plant roots in the 
humus horizon of meadow bog soils. Similar 
formations were first described in 1934 by 
Ohle (26). 


We used the following methods to study con- 
cretions. We took a weighed sample of soil 
of 0.5 kg, washed the concretions from it on 
sieves, reduced the concretions to an air- 
dried state, and, by use of an electromagnet, 
separated them from the soil mass residue, 
and then selected concretions under a binocu- 
lar lens. The total content of elements was 
computed from total analysis data; humus 
was determined according to the Tyurin method; 
the mineralogical composition of concretions 
was determined under a polarizing microscope 
in transparent sections, polished surfaces, 
and also in immersion preparations (compounds); 
the mineralogical composition of the soils was 
determined under a binocular lens; the quantity 
of mobile iron in the soils was accounted for 
by the oxalate extract method. 


We shall begin our study of the data obtained 
with the morphology of concretions and their 
distribution throughout the soil profile (Fig. 1). 


The concretions in these soils are found in 
2 forms: 1) spherical, of varying weight and 
diameter, occurring directly in the soil mass; 
and 2) in the form of well or slightly cemented 
tubular formations, occasionally resembling a 
carrot in outward appearance, 


The maximum number of spherical-shaped 
concretions was concentrated in the A, hori- 
zon and represents 16%-18% of soil weight 
(Fig. 2). In the lower-lying horizons this 
content drops to 0.5% and less. A study of the 
distribution of concretions in the soil profile 
by fractions shows that the greatest number of 
concretions occurs in 3-1 mm diameter parti- 
cles. 


Chemical investigations yielded the follow- 
ing results (Tables 1, 2). We noted a definite 


‘Vegetation was described by M.A. Skripka. 
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pattern in humus distribution from the fractions 
of various size concretions and from the soil 
horizons. 


The humus content decreases with depth in 
concretions of all sizes. Thus, in concretions 
with a diameter > 1 mm, from a meadow soil 
with signs of solodization (Profile No. 21), the 
humus content changes throughout the genetic 
horizons in the following way: Inthe A, horizon 
the humus content varies between 2.92% and 
3%; at a depth of 14-23 cm it is 2.36%, while in 
concretions from a depth of 23-32 cm humus 
content is only 0.3%. In the lower horizons in 
the concretions with the diameter > 1 mm, humus 
was, generally speaking, not detected. We also 
observe a relationship between the size of con- 
cretions and the humus content in them: the humus 
content is inversely proportional to the diameter 
of the concretion (Table 1). For example, in 
Profile No. 21 (meadow soil with signs of solod- 
ization) the concretions in the 0-7 cm layer with 
a diameter > 1 mm contain 2.92%, while concre- 
tions with a diameter < 0.25 mm have 3.52%; 
in the 7-14 cm layer the concretions > 1 mm 
have 3% humus, while concretions < 0.25 mm 
contain 3.85% humus. In the meadow podzolized 
soil (Profile No. 26) in the A, horizon the concre- 
tions of 1-0.5 mm contain 1.90% humus, while in 
concretions > 5 mm no humus was detected. The 
same picture of change in humus content is ob- 
served in the concretions of brown podzolic 
soil (Profile No. 232). 


Table 2 presents the results of a total chemi- 
cal analysis of concretions: 1) selected from an 
average sample of all genetic horizons and divided 
into fractions (Profile No. 26); 2) by fractions 
and genetic horizons (Profile Nos. 232, 21); and 
3) As gees only from the A, horizon (Profile 
No. 105). 


Data on the total chemical composition of 
concretions points to a high content of SiO, (49%- 
60%), R,O, (29%-43%) as well as MnO, which 
amounts to 7%-8%. Altogether, the chemical 
composition of manganese-iron concretions | 
is the same. However, we should point out that | 
their composition changes somewhat with a 
change in size. 


In meadow soils with signs of solodization 
(Profile No, 21) SiO, tends to accumulate in 
concretions of small size, while Fe,O, notice- 
ably increases with the increase in the size of 
concretions. The amount of MnO decreases 
sharply with the decrease in concretion diameter 
and, in addition, the highest content of MnO is 
associated with deeper horizons. If in the 
upper horizons MnO content in fractions > 1 mm 
in diameter is 3%, MnO content in the lower 
horizons is 7%. No pattern is detected with 
respect to the distribution of SiO, and ALO, in 
brown podzolic soil (Profile No. 232), but 
iron content increases somewhat with the de- 
crease in the diameter of the concretion. The 
greatest content of manganese is associated 
with the concretions of the upper horizons. Tubu- 
lar iron concretions consist basically of SiO, 
and Fe,O, (Table 2), 


A study of the mineral composition of spher- 
ical-shaped manganese-iron concretions from 
fractions > 5 mm diameter in petrographic sec- 
tions showed that isotropic, diffuse, irregularly 


MANGANESE-IRON CONCRETIONS 


Fangio Wie 


- |ron-manganese new formations. 


] - tubular iron formations (in outcrops of the Ussuri River 


at a depth of 2-2.5 m); 


2 - tubular formations around plant 
roots in the humus horizon of meadow bog soils; 


guipte 


spherical (globular) manganese-iron concretions deposited 


directly in the soil mass. 


Depth, cm 


Fig. 2. - Content of manganese-iron concretions 
in soils of the Suifenho-Khanka lowland. 


1 - meadow sod-podzolized (Profile No. 26); 2 - 
brown podzolic (Profile No. 292); 3 - meadow 


soil with signs of solodization (Profile No. 21). 


shaped accumulations, probably of biological 
origin, were found at their centers. These 
formations fill up the pores and cement the 
quartz grains (from 0.5-0.01 mm in diameter). 
Besides quartz, we find weathered feldspars 
from which hydromica scales are developed. 
All minerals are covered with films of iron 
and manganese hydroxides. Examination of 
the polished surfaces of concretions made it 
possible to prove the existence of psilomelane 
among the ore minerals. 


A study of tubular, hollow concretions has 
shown that these concretions are characterized 
by a well-pronounced zonality of component 
material, which is seen as more ferruginous 
rings regularly alternating with less ferruginous 
rings. The most ferruginous ring is formed about 
the actual root; it includes the finest grains of 
quartz and biotite, from which is developed 
chlorite, which decomposes with the precipita- 
tion of brown ferric oxides. In addition, we 
find sericitized grains of feldspar. The less 
ferruginous rings also consist of quartz, biotite, 
feldspar, slightly covered with ferric hydroxides, 
As the concretions develop, the ferruginous 
rings from the center to the periphery become 
finer and more broken, It is interesting to note 
that the ferrugination of the rings is directly 
related to the decomposition of the terrigenous 
material. The formation of wider ferruginous 
rings near the plant root emanates, apparently, 
from two causes: 1) there is near the root in 
the solutions an increased concentration of or- 
ganic acids due to which mineral decomposition 
and Fe leaching take place. This is confirmed by 
the fact that the ferruginous rings around the 
root contain almost twice as much humus as the 
less ferruginous rings, and 2) around the root 
the oxygen content has increased as a result of 
which ferrous iron oxides into ferric oxide 
and is transformed into a solid phase. 


We studied the mineralogical composition 
of fractions > 0.25 mm in diameter of the soils 
separated. Data in Table 3 shows that both pri- 
mary and secondary minerals are characteris- 
tic of these fractions, Primary minerals are 
basically quartz and feldspars; we shall assign 
to them also the sandy-clay aggregates. The 
secondary minerals are iron and manganese con- 
cretions. Manganese concretions are found 
chiefly in the lower horizons while the maximum 
iron concretions are associated with the upper 
part of the profile. The mineralogical composi- 
tion of a fraction > 0.25 mm in diameter was 
studied in immersion preparations (compounds) 
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Table 1 


Humus (after Tyurin) iniron-manganese concretions by fractions 


Diameter of 


Soil and Profile No. Depth, cm Cone een Humus,% 
Meadow soil with 0-7 Soi 2,92 
signs of solodiza- f= (ea 2,97 
tion, 21 0; 50220. aeovce 
<0,25 ae 
—14 >1 , 
a 120,5 | 2/83 
0,5—0,25 | 3,92 
<0,29 ee 
psd Sati 25 

aoe ie al are: 
0,5—0, 25 Persp! 
<U,25 | 3,05 

23—32 >1 0,3 
75—8) S54 None 

14140—120 >1 a 
Brown podzolic 0—7 Sil Zo PH 
soil, 232 T=0)8 1,86 
0550200 meer 
<0,25 2,86 
7—12 >1 1,04 
4—0,9 4,08 
0,5—0,25 | 2,00 
aN rasy || Patle: 
20—30 1 0,82 
4—0,95 AS 
0,5—0,25 1,28 
<0, 29 Ao 
Brown podzolic 45— 25 Sil 4,24 
soil, 105 1—0,5 iNecaitl 
0,5—0, 25 4,04 
<(0,25 153 
Meadow sod- AJ 23 SE None 
podzolized soil,26 4—0,5 4,96 
Brown podzolic | 292) 27 >1 4,41 
soil, 292 4—0,5 1,98 
0,5—0, 25 Pie Nl 
cel Dey || Pistol! 

Tubular concre- 4,1 
vakoyay 0,68 
" 4,09 


Note: Comma represents decimal point. 


after the hydroxide films were removed. Oxalic 
acid (pH = 3.5) does not remove the hydrooxide 
film, 10% HCl decomposes the films, as a re- 
sult of which feldspar and quartz grains, which 
were buried in the clay substratum, are 
liberated. Manganese oxide films were re- 
moved by sulfuric acid. The mineralogical 
composition of both ferruginous concretions 
and manganese concretions is fairly homo- 
geneous and is made up of sandy clay aggre- 
gates, quartz, feldspar, micas, chlorites, 
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the percentage of which varies widely among 

the different horizons. The similarity between 
mineralogical analyses of soils and concre- 
tions indicates that concretions are formed 

with the assistance of soil minerals (quartz, 
feldspars, micas), However, these minerals 
could not be sources of total iron and manganese 
required for forming such a large number of 
manganese iron concretions, 


For more complete characteristics of the 


MANGANESE-IRON CONCRETIONS 


Table 2 


Total analysis of concretions by fractions, in % of ignited matter 


oncretio 
diameter 
mm 


Soil and Pro- 
file No. 


R 
Depth, cm 1 SiO, | ALO, | Fe.0s | F8*| cao] “Mgo | P.O, Mno] Total 


38,71 |1,15 
44,65 10,98) 0,86 
42,80 |0,98! 1,67 


2,08 |0 
0 
0 
34,11 |1,24 1,28 |o 
0 
0 
0 
0 


with signs of 4 —0,5 {50,25} 9,97) 34,68 
solodization 0,5—0, 25/53, 70] 42.64 | 30, 
7-14 31° 158.27 

0,5—0, 25/5964 

<0,25|60,90 

1423 31°” (53803 

<0, 25/66 ,94 

23—32 1. 145.62 

110—120 | S31 [54'00 


30,19 
5,55 
10,67 


28,56 
24,68 | 35,35 |0,38| 0.76 
34,55 |1,42 Not detdl 
35,05 |0,98) 1,37 
29,55 1,12! 0,76 
42,8) |1, 64 Not det 
30,30 0,84) 2,79 {0,2 


12,04 | 22,51 


7,33 | 27,72 
15,27 | 14,28 
0,26 
14,80 


37,54 


Meadow soil 0—7 >1 93,89} 10,82 | 27,89 
15,50 


24,07 
26,52 
103988 245 22 


wi B6L401 = betecee | eels 
cone a <0,25/56,2€| 10/28 B60 lees ieee 
(EO Sars 7 

<0, 25/58, 08 l 

20-30 |1 —0,5 [56,76 l 


<0, 25/55, 40 


32,20} — — — 
36,60} — _ — 
38,20] — _— — 
40,80] — —_— _ 


26,93 
27,34 


Brown pod- 45—25 >1 59,50 
zolic soil, 0,5—0, 25/53, 00 
105 ; 

Tubular iron con- 
cretion 06,98 


22,03 
29,78 


34,20} — — — {3,85 
43,00) — _— — 11,05 


37,93 |0,63] 1,42 |0,24|0,07 
24,15 42,3 0,76 1,45 
24,09 | 31,52 |0,84) 1,78 
18,07 | 29,89 }0,82) — 
29,16 | 39,48 /9,84] 1,34 
38, 94 1 47,54 10,63] 0,88 


Brown pod- QF lege 0-5 aa 


tele Aaa il 


30,36 
Brown pod- 
zolic soil294 99_97 — 53,48] 12,99 

>5 06,47] 7,22 
Meadow sod- 5—3 97 ,97| 11,67 
podzolized 2—1,5 {53,80] 10,14 
soil, 26 4—0,5 |49,04} 8,40 


lr 


Note: Comma represents decimal point. 


horizons containing concretions, we conducted concretions selected from the different horizons 
a determination of the mobile forms of iron, of meadow and brown podzolic soils indicates 
Data (Fig. 3) shows that the highest quantity that the maximum content of concretions is 

of mobile iron forms is associated with the found in the A, horizon, At the same time the 
upper horizons. Thus, in the brown podzolic conditions existing in the A horizon should, it 
soil of Profile No. 232, the iron content at a would seem, especially favor the formation 


depth of 130-140 cm equals 4.9 meq, while in of these concretions, i.e.: 1) presence of or- 
the A, horizon iron content is 10.6 meq. In ganic matter; 2) maximum of mobile hydro- 


the opinion of investigators (4, 19), the Tamm oxides; and 3) evaporation and accumulation 


reagent (28) acts chiefly on the complex processes expressed to the greatest degree, 
secondary iron compounds containing organic The question arises — how can we explain the 
matter (similar compounds are described in association of concretions with the A, horizon? 
various studies [1, 2, 3, 23]). Since the upper In the A, horizon, in the presence of humus 


horizons are characterized by the presence of (6%-12%), the ferric hydroxide for the most 


There are many allusions in literature to the 
formation of crystallized substances during 


the collodial solutions and complex organo- 


a large quantity of humus, the existence of part does not precipitate and is leached direct- 
comparatively large quantities of mobile iron ly up to the ground waters (1). In addition, 
compounds in these horizons is understandable. during spring droughts, the peptized hydroxides 
rising upward through the capillaries, dry out, 
coagulate, often irreversibly. As a result of 
the aging of sediments which precipitate from these processes (partial coagulation, reverse 
movement) the mobile iron precipitates in the 
mineral compounds (21, 24,25). It is quite form of concretions only partially in this hori- 
obvious that the iron forming the mobile zon, equalling 6%-8% of soil weight; the un- 
organo-mineral complexes precipitates and is precipitated iron continues its complex migra- 
subsequently subjected to crystallization (8). tion. A periodic excess moisture, associated 


Tabulation of the number of manganese iron with a monsoon climate, and poor soil drainage 
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Table 3 


Mineralogical compositions of fractions > 0.25 mm in diameter, as a percentage of the volume 


IManganesq Rock 
- - |Sandy cla g 
Soil and Profile No. |Depth, em |Quartz| Pore | Zon Coe [oa oey ate corre” frag- Pee 
tions ments 
Brown podzolic 0—6 2,4 0,4 41,0 | 38,0 18,0 0,1 None ft 
soil, 232 205, (308)! 18,8) [e227 Ihe 644 0,3 24,8 — {| = 
50— 60} 13,8] 4,6 41,8 30,0 9,7 = == 
400—110 | 19,2] 3,14 60,2 None 17,6 0,1 — 
Brown podzolic Qs 4|2 LA) Wee Ula lf Pats) Te None _ 
soil, 292 22— 27 3,8 0,2 70,0 0,9 26,0 = a 
50— 60 8,1 OZ 04,9 None 36,1 
100—110 8,1 Ons 61,2 q 29,4 Om — 
160—170 Capi OFS 04,1 a 38,2 
Meadow soil with o— 8,4] 2,1 47,4 36,1 6,1 — = 
signs of solodizatiol 44 93 Bi ss Veo! 2,9 18,3 _ is 
ce 2339] |= 6,84" 4:8 [ee 10,5") | 4004 38,0 91 Pnoa 
o3— 63 ies 6.1 2ono 14,7 18,0 — = 
170—180 MOah pale? 0089 None 16,3 —_ == || 
eadow sod-pod- = e5 Te | 257.0: | con 30,5 3,9 D0 = = 
zolized soil, 26 17— 23 ee 3,8 47,8 None A141 
So— 75 | 36,3 | 29,4 8,6 7 24,2 
83— 95 | 29,9 | 27,2 7,9 4,7 30,7 
180—190 | 24,0 | 27,1 22,6 _— 26,2 
Note: Comma represents decimal point. 
(beginning with the B, horizon the number of 
0 2 4? pects 10 12 14 particles < 0.001 mm in diameter is 70%-80%), 
eee create favorable conditions for restoring Fett* 
to Fet+, Fet* penetrates the A, horizon quite 
freely where there is little humus and yet a 
20 sufficient amount of oxygen. Here the iron is 
again oxidized and precipitates as concretions, 
60 totalling 16%-18% of soil weight. 
Thus, by virtue of the reducing conditions 
60 and poor drainage, the iron cannot migrate far 
beyond the limits of the soil profile, even des- 
S 80 pite the presence of the podzol formation proc- 
ess, as the result of which we observe the 
ro} 100 anomalous behavior of iron — the association 
ay with upper horizons, with the greatest concen- 
Q tration of iron in the form of concretions in the 
120 A, horizon. 
The concretions are the same in the soil 
140 varieties studied: the brown podzolic, meadow, 
and podzolized and meadow soils with signs of 
160 solodization, However, our data (quantitative 
content in the profile, Fig. 2, chemical composi- 
180 tion of concretions of varying size, Table 2) 
proves that the soils have fairly clear distinctive 
features with respect to these new formations. 
Fig. 3. - Content of mobile iron in meq (after Studies are being continued in this direction and 


Tamm's oxalate extract method) . 


| - brown podzolic soil (Profile No. 292); 2 - 
meadow sod-podzolized soil (Profile No. 274); 

3 - meadow soil with signs of solodization 
(Profile No. 21); 4 - brown podzolic soil 
(Profile No. 232). 


we hope that when this research is completed 

we will be able to define more precisely this 
complex problem and to draw more accurate con- 
clusions, 


Conclusions 
1, Manganese-iron concretions in the soils 
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of the Suifenho-Khanka lowland are associated 
with the upper A, and A, horizons, with the 
maximum in the A, horizon, These concre- 
tions represent 16%-18% of soil weight. 


2. Humus content in these concretions de- 
creases with depth; it is inversely related to 
the diameter of the concretions, 


3. In chemical composition the manganese 
iron concretions are the same, but witha 
change in their size the content of the various 
elements changes in different ways. 


4, The similarity between mineralogical 
analyses of soils and concretions formed in 
them shows that concretions are formed with 
the help of terrigenous material to which is 
added the participation of the substratum. The 
formation of concretions, obviously, begins 
from concentration of organo-mineral com- 
pounds. The iron moves into them as the 
result of primary mineral decomposition as 
well as out of the solutions migrating in the 
en What the primary cause is is not yet 
clear. 


Received June 2, 1960 
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SLIGHTLY SALINIZED SOILS OF MICROHILLOCKS 


AMONG LAKE SOLONCHAKS 


OF INNER MONGOLIA, CHINESE PEOPLE’S REPUBLIC 


B.A. ZIMOVETS, V.V. Dokuchayev Soil Institute, Academy of Sciences, USSR 


In studying salinized soils of the Khulum- 
buirskiy aymak of Inner Mongolia, we found 
among the sodium carbonate solonchaks of 
the ancient drainage basin in the zone of chest- 
nut soils, elevations (hillocks) from which 
water oozed slightly during the spring and 
summer, These irregularly rounded eleva- 
tions have an almost flat crest with a diameter 
of 2-3 to 5 m, and are 25-35 cm high, They are 
situated 3-5 to 10 m apart and are found near 
sodium carbonate lakes, which are observed as 
beaded systems along the extensive bottom of 
the drainage basin (hollow). Individual speci- 
mens of saltwort (halophytic vegetation) and 
mulberry trees (Puccenella tenioflora) thrive 
on the hillocks. We see an association of hill- 
ocks along the lake shore which is oriented in 
the direction of the upper regions of the hollow. 


The areas of hillock development represent 
an unusual hillock-solonchak complex where 
the sodium carbonate solonchaks containing up 
to 4% salt are distributed along the depressions 
and the less salinized sodium carbonate solon- 
chak soils (up to 0.4% salt) along the elevations 
(hillocks). 


We note, on the one hand, in the course of 
the evolution of hillocks and solonchaks sur- 
rounding them, a decrease in salt content 
(up to 0.1%) in the soils of elevations when the 
solonchak vegetation, earlier established on 
these elevations, is replaced by a variety of 
mixed, meadow grasses (/Agropyrum ramo- 
sum], meadow grass [Poa], etc.); on the other 
hand, an increase in salt content (up to 12%) 
in the depressions together with a simultaneous 
change in salt composition from sodium carbon- 
ate to sulfate-sodium carbonate. The evolution- 
ary forms of the components in the hillock- 
solonchak complex are observed to exist 30-50 
m from the shore of the lake. 


We shall examine the hillock formations of 
meadow solonchak landscapes, which have not 
as yet been studied, as soil surface deforma- 
tion phenomena resulting from frost heaving. 
We know that soil heaving is a common phen- 
omenon in regions of perennial and seasonal 
freezing. In addition, the quantity of water 
in the ground along with the rate of cooling is 
of the greatest importance. Soil heaving and 
hillock formation may occur both with or with- 
out water inflow from the side (5), 


Analyzing the morphological characteristics 
of the elevations and the conditions of their 
formation, we arrived at the conclusion that 
these given forms are unique analogues of 
northern frozen hillocks, which are ordinarily 
found in areas of excessive moisture and de- 
veloped under the influence of water movement 
toward the freezing front and of hydrostatic pres- 
sure during freezing of moisture saturated 
soils (5). The difference lies in the fact that 
in this case the hillocks are small and are 
formed not with the aid of fresh waters but of 
mineralized waters, Despite the possible in- 
flow of water from the upper regions of the 
hollow (drainage basin), there is no large develop 
ment of hillocks here, obviously, because hill- 
ocks are formed in southern, warmer latitudes. 
Perhaps this is associated with the presence of 
mineralized water; as we know, the water which 
contains salts, has a lower freezing tempera- 
ture, which predetermines a small ice accumu- 
lation. 


According to data in literature (1, 2,4, 6) and 
information obtained during our field trips, 
intensive annual freezing (Table 1) is character- 
istic of the soils of Inner Mongolia and adjacent 
areas of Central Mongolia, Southern Zabaykal'ye. 
and Bol'skoy Khingan. In the meadow plains 
between mountains, we often detect seats of 
around-the-year freezing. In this drainage 
basin we recorded freezing at a depth of 1.9 
to 3.2 min July. From observations by 
Chinese soil scientists, the seasonally frozen 
soils in the Gun-khe drainage basin thaw out 
completely during the following periods: at the 
middle of July, in the deeply-columnar solon- 
etzes; at the end of July in the columnar 
solonetzes; and at the end of August in the 
solonchaks. 


Frost heaving of weakly salinized soils, like 

the heaving of soils in the permafrost region 
5,7), occurs whenever soils are subject to ex- 
cessive moisture. In this case the ground 
waters are at a depth of 0.3 to 0.5-0.8 m and, 
apparently, flow in (tributary) from the upper 
parts of the hollow, which has brought about 
the association of heaving hillocks with the 
shore of the lake oriented toward the upper 
part of the hollow. From the lake toward the 
main shore of the hollow the ground waters 
drop gradually to 2-5 m., Their composition, 
like the composition of waters flowing out of the 


438 


SALINIZED SOILS OF INNER MONGOLIA 


Table 1 


Freezing depth of soils in Inner Mongolia, Chinese 
People's Republic, mm 


In the Gun-khe drainagelIn the plains between hills in 
hollow San-khe region 


Boring No. 4—2,0—3,0 Boring No. — —_ 

Boring No. 5—2,2—3,2 |Boring No. eee ne 
Boring No. 6—1,9—3,2 |Boring No. 69—2'0—3°7 
Boring No. et 9-935 


’ 
? 


Note: Comma represents decimal point. 


hillocks, is sodium carbonate, with a total 
concentration of 2.0-2.5 g/liter; the lake water 
is mineralized to 4 g/liter (Table 2). 


The surface of the ancient drainage basin is 
flat with small and poorly expressed lake ter- 
races; the surface is generally inclined in the 
direction of the lower parts. We see a small 
surface gradient in the drainage basin running 
from the main shores toward the central part, 
where the waterlogged and shallow-water Gun- 
khe River, a tributary of the Khaylar River, 
passes, 


The lake strips are made up of alluvial 
sand and sandy loam which are covered with 
clay loam and clay about 2 m thick. Both the 
upper and lower alluvium layers are weakly 
salinized (< 1.0%), principally by sodium bi- 
carbonate and sodium carbonate. The soil 
of the lake depressions is a complex of solon- 
chaks, solonchak-solonetzes, and meadow 


solonchak soils, 


From the shore of the lake towards the ter- 
race banks we note a gradual decrease in the 
area covered by solonchaks and an increase in 
the area of solonetzes, chiefly of crusty and 
shallow-columnar solonetzes. At the shore of 
the lake depression, where the ground water is 
at a depth of 5-6 m, we find deeply-columnar 
solonetzes (Fig. 1), 


In August, excavations of a microhillock, 
out of which the water oozed a month before, 
revealed that the vertical soil profile is clearly 
divided into several horizons and resembles the 
structure of frozen hillocks in the north (5.7). 
The highest part — 0-20 (15) cm — is dry, 
gray, clay loam to clay with a blocky, lumpy 
structure. Ata depth of 15(20)-40 cm the 
layer of clay quicksand, bluish to dark-blue, 
and saturated by water, with strong traces of 
the reducing processes, is sharply separated. 


Table 2 


Chemical composition of waters in the Gun-khe drainage basin, g/liter 


aap’ Alkalinity 
Source ae date | PH Cl | SO,| Ca | Mg |differ-) of 
1958 COs | HCO; ence ions 


Gun-khe River tee the lJune 26| 8,0] 0,042 | 0,439 |0, 0314/0, 004/0,026/0,021] 0,125 
surface 

Lake " " 8,9) 0,258 | 2,043 |0, 268/0,010/0,018)0,030) 1,065} 3,434 

Ground water 

beneath deeply- 

columnar 

solonetz 5) 4t July 1} 8,2)0,025}1,159 {0,241 0,008]0,041]0,053] 0,430] 1,902 

Ground water be- 

neath shallow- 

columnar solon. es) " 8,3] 0,034 | 1,363 |0, 219)0,005|0,013)0,019| 0,608] 2,227 

Ground water be- 

neath solonchak 1,8 " 8,3] 0,044 | 1,496 |0, 237/0,005)0,009)0, 016} 0,679 | 2,444 


Water flowing 
from a frozen 
hillock 


from the 
surface 


June 26] 8,910,104 | 1,515 |0,045}0, 004/0, 0142/0, 007] 0,653 


2,236 


Note: Comma represents decimal point. 
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Lower to 180 cm, the soil is characterized by a 
noticeable decrease in moisture and by an in- 
crease in compaction; it is considerably ozidized 
(ocher-colored). 


Soil profile of the microhillock. Soil effer- 
yesces with 10% HCl from 18(20) cm. 


0-5 cm, Light-gray, dry, clay-clay loam, 
coarse to blocky, stable structural units, slight- 
ly porous, no effervescence. Transition gradual. 


5-15 (20) cm. Gray, fresh, clay-clay loam, 
; : P columnar, stable structural units, solonetz- 
Elgg le eo Schepstle, Rion S hawt like. No effervescence. Transition distinct. 
of the Gun-khe drainage basin. 


15 (20) -40 cm. Grayish to bluish to dark 


a - steppe (chestnut soils); b - j blue, clay, structureless, fluid, water-bearing 
po Vonet ees) 20d aie SaCn= et epee horizon, effervesces. Transition sharp. 

c - sulfate-sodium carbonate solon- 

chaks and old microhillocks; d= 40-80 cm. Gray-dark blue with rusty spots, 


sodium carbonate solonchaks and wet 
microhillocks; e - ground-water 
level. | - main shore; II - part 
of drainage basin. 


moist, fine clay loam, compacted, slight 
crumbling into units resembling cheese parti- 
cles, effervesces. Transition gradual. 


Table 3 


Data on analysis of water extracts 


Alkalinity 


Na by 
otal in 
co, | “HCO 


difference 


Total of 


Cl : 
ions 


SO, 


In % of air-dried soil 


Sodium carbonate solonchak soil on a frozen hillock 


0O— 5] 0,053 0,202 | 0,002 0,003 0,002 0,001 0,074 0 
S— 15 | 0,037 0,244 | 0,001 0,005 0,005 0,001 0,087 0,343 
20— 30] 0,026 0,282 0,003 0,004 0,011 0,004 0,095 0,396 
s0— 60] 0,006 0,149 | 0,001 0,003 | 0,006 0,001 0,049 0 
10—120 | 0,006 0,107 0,0003 0,003 0,004 | 0,001 0,035 0 


Sodium carbonate solonchak in depressions alongside a frozen hillock 


0,0—0,2 | 0,939 2,812 0,021 0,070 0,055 0,002 4,039 3,999 
3—5 0,149 0,478 | 0,008 0,005 0,009 | 0,009 0,158 


Meadow weakly solonchak-like soil on an old hillock 
0— 10 None 0,067 0,003 0,004 0,007 0,001 0,020 0,102 


17— 27 i 0,076 0,002 0,004 0,006 0,004 0,023 0,112 
30— 45 " 0,073 0,002 0,010 0,009 0,004 0,022 0,117 
80— 90 af 0,064 0,002 0,002 0,006 0,004 0,017 0,089: 


Sulfate-sodium carbonate solonchak; alongside an old hillock® 


0,0— 0,2; 1,600 4,339 0,770 3,079 0,054 | 0,029 3,565 | 11,832 
0,2— 3,0) 0,290 1,013 0,665 1,076 0,043 0,018 1,244 4,059 
3— 10] 0,073 0,498 0,204 0,005 0,028 | 0,008 0,275 1,018. 


45— 25 | 0,070 0,479 0,139 0,007 0,005 | 0,004 | 0,264 0,895 
30— 40 | 0,059 0,434 0,106 0,003 0,006 | 0,004 | 0,219 0,772 
50— 60 | 0,073 0,418 0,103 0,003 0,004 | 0,005 | 0,211 0,744 
80— 90 | 0,059 0,434 0,106 0,003 0,004 | 0,004 | 0,222 0,773 
140—120 | 0,025 0,314 0,075 0,002 0,006 | 0,004 | 0,153 0,554 
170—180 | 0,066 0,453 0,102 0,002 0,003 | 0,003 | 0,229 0,792 
200—210 | 0,065 0,279 0,019 0,002 0,003 | 0,004 } 0,409 0,416 


UT 


a A 
Soil samples were analyzed by Tsuan Tsun-khao, 
Note: Comma represents decimal point. 
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SALINIZED SOILS OF INNER MONGOLIA 


80-180 cm, Rusty-brown, moist, clay, com- 
pact, fine-blocky-prism-like, effervesces. 


Analysis of water extracts have revealed a 
comparatively small concentration of salts, 
principally of sodium carbonate, (0.39%) in 
the horizons of the hillock. Typical is the salt 
distribution throughout the profile corresponding 
to cryogenic water migration conditions (8). In 
the uppermost 0-5 cm, 5-15 cm layers the 
salt content is about 0.30%. The maximum salt 
(0.39%) is associated with the most moist 20-30 
cm layer; here we note a relative maximum 
of chlorides (0.003%). The salt concentration 
decreases gradually with depth to 0.20%-0.15%. 
On the surface around the hillock in the 0.20%- 
0.15%. On the surface around the hillock in 
the 0-1 cm layer the salt accumulations, like- 
wise basically salts,amount to 4%, dropping 
sharply to 0.6% at a depth of 3-5 cm (Table 3). 
As mentioned previously, we find 30-50 m from 
the lake shore isolated microelevations very 
similar to size and shape to the hillocks de- 
scribed previously, but differing from them by 
the presence of a rich, meadow mixed grass 
vegetation and by the absence of a clay quick- 
sand layer. Meadow weakly-solonchak-like 
soils with a well-developed humus horizon up 
to 20 cm thick have been formed on these ele- 
vations. Throughout the entire soil profile the 
salt content is not more than 0.1% (Table 3). 


Meadow weakly solonetz-like and weakly 
solonchak-like soils on an old hillock. 


A, 0-15 cm. Humus, dark gray, fresh, 
coarse Clay loam, indistinct granular, semi- 
friable. Many roots. No effervescence. 
Transition gradual, 


AB 15-28 cm, Brownish to gray, moist, 
clay loam, granular to nutty, indistinct colum- 
nar, compacted; humus tongues along cracks 
in the frozen stratum of the soil to 70-90 cm, 
less roots, effervesces from 22 cm. Transi- 
tion clear, 


C, 28-52 cm. Dark blue to gray, moist, 
clay loam, fine-nut-like, slightly friable or 
crumbly, few roots. Transition gradual. 


C, 52-100 cm, Same, only moist with 
strongly expressed signs of reduction processes, 


It appears to us that these are old forms of 
frozen hillocks (where the cryogenic migration of 
solutions toward the surface has already ceased, 
in connection with the general evolution of lake 
landscapes) directed toward decreasing lake 
surfaces and lowering ground waters, in the 
given case to 1.9 m. Solonchaks are also wide- 
spread about the old hillocks but have a large 
quantity of salts (up to 11.8%). The composi- 
tion of the salt crust is sulfate-sodium carbon- 
ate (Table 3); this is proof of the fact that along 
with salt accumulation there occurs, too, a 
periodic salt removal (3, 4). 


Sulfate-sodium carbonate solonchak. Lo- 
cated alongside an old frozen hillock. Isolated 
specimens of saltwort (halophytic vegetation), 
from the surface a saline crust, friable, of a 
sulfate-carbonate composition, effervesces with 
HCl throughout the entire profile. 
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0.0—0.2 cm. Saline crust. 


0.2—5.0 cm. Light-gray with brownish 
tinge, fresh, clay loam, slightly compacted, 
fine-granular-porous, isolated roots. Transi- 
tion gradual. 


59.0-12 cm, Light-gray, moist, clay loam, 
fine-granular, fine porous. Transition conspicu- 
ous by humus color, 


12—30 cm. Lighter than the preceding, 
moist, variegated with humus tongues (streaks), 
discolored salt areas, clay loam, almost struc- 
tureless, Transition gradual. 


30-90 cm, Strongly moist, gray-brown, 
clay loam, cheesy structure, slight horizontal 
cleavage, humus tongues. Transition apparent 
by gleying. 


90—150 cm. Moist, variegated with dark 
blue spots and humus tongues, clay loam, prism- 
like nutty structure (cryogenic). 


150-250 cm. Brownish to dark blue, strati- 
fied clay loam, clearly horizontally cleavable 
into slabs, discolored ocherous salt areas (iron 
admixture). Frozen at a depth of 190 em,1 


250-280 cm. Pale yellow (straw-colored), 
to dark blue, frozen, alluvial-stratified, sandy 
loam, frequent small black manganese spots. 


280-320 cm. Sandy loam-sandy, stratified, 
frozen, 


320 cm. 
water. 


Sandy alluvium, saturated by 


In conclusion, we should mention that 
seasonal freezing of soils, heaving and other 
cryogenic phenomena must be taken into 
account when we reclaim an area. However, 
the cyrogenic processes in the subarid zone 
have been studied only slightly, and the role 
of seasonal freezing in forming salinized soils 
has not been defined. As a result, measures 
to control salts in soils experiencing deep 
freezing have not as yet been devised, 


Under permafrost conditions the cyrogenic 
migration of water has been artificially con- 
trolled by shallow drainage canals which 
realize active winter accumulation of ice 
and the subsequent passive removal of runoff 
water after thawing (8). It is possible that in 
this way we may also be able to control salt 
accumulation in the soils, where the cyro- 
genic migration of salt solutions takes place. 


Received June 27, 1960 
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EXTRACTION OF FREE (NONSILICATE) IRON 
AND ALUMINUM FROM SOILS AND CLAYS 


LG. TSYURUPA, V.V. Dokuchayev Soil Institute, Academy of Sciences, USSR 


In spite of the existence of many methods 
(17-29) of extracting free iron oxides! from 
soils and clays (Table 1) and their extensive 
use in various types of investigations, 3 ques- 
tions remain unsolved: 1) how comparable 
these methods are (i.e., how close are the 
amounts of iron extracted by the various 
methods from one and the same sample); 2) 
how fully free iron is being separated; and 3) 
how strongly silicate iron, which forms part 
of the crystal lattice of alumino- and ferri- 
silicates, is held. 


The objectives of the present article are: 
a) to compare the amounts of iron and alumin- 
um extracted by the Tamm, Stefanovits, and 
Deb methods from various samples containing 
iron and aluminum, and b) to determine what 


forms of Fe and Al are extracted by the reagents 


used in these methods (i. e. , how they meet the 
requirement of extracting only free Fe oxide 
and not silicate iron). 


We investigated artificial and natural com- 
ounds of the iron oxide and hydroxide group 
Fe(OH), of various ages and methods of pre- 

paration, hydrogoethite, hydrohematite, and 
hematite) and various iron-containing clays 
and minerals of the silicate group (bentonite 
and kaolin clays, nontronite, ferrihalloysite, 
muscovite, biotite, and microcline). 


The samples under study were triturated in 
a porcelain mortar and passed through a sieve 
with openings 0.25 mm in diameter. Then the 
air-dry samples were treated with the Tamm, 
Stefanovits, and Deb solutions. 


The Tamm method (27, 28) has been used 
for a long time in soil science and does not 
require special description. 


The Deb method (19) was proposed in 1950 
on the basis of the method of Galabutskaya and 
Govorova (7) for bleaching kaolin, and is 
being used by foreign authors primarily for 
removing free Fe oxides from soils and clays 
when preparing them for X-ray analysis. Ac- 


1The term "free iron oxides" was introduced by 
American authors to mean all the natural amorphous 
and crystalline compounds of Fe with oxygen and the 
hydroxyl] ion. 
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cording to the Deb method 0.25-1 ¢ of soil or 
clay is treated with a 4% solution of Na hydro- 
sulfite for 30 min at 40-45°C and then with 
0.02 N HCl for 15 min at room temperature. 
During treatment the iron is reduced and chan- 
ges into an easily soluble state. In our work 
we used the Deb method as modified by A. G, 
Amchislavskaya, who suggested filtering the 
suspension instead of centrifuging it, and de- 
termining the extracted iron (after its oxida- 
tion withammonium persulfate) trilonometri- 
cally. 


The Stefanovits method (26) was proposed in 
1955. It is based on obtaining internally com- 
plex compounds (chelates) of metallic soil ions 
with the complex (chelatizer) forming part of 
the extracting reagent — a 0.1 N solution of 
trilon B ina 1 N solution of KCl. According 
to the Stefanovits method 5 g of soil are boiled 
for 3 min with 50 ml of the reagent. Then the 
extract is filtered and the extracted Fe and Al 
are determined by titration with a 0.1 N solution 
of ZnCl, in the presence of a number of indica- 
tors. Titration is achieved by the direct and 
reverse methods at definite pH and temperature 
conditions. The necessity of strictly fulfilling 
the titration conditions and of preparing fresh 
indicators daily make the method difficult to 
use for mass determinations. Therefore we 
modified the Stefanovits method: we used the 
extracting reagent and the method of extracting 
strictly according to the specifications of the 
author, but then we destroyed the chelate formed 
by oxidation and ignition at 450-500°C and 
determined the Fe and Al by the usual colori- 
metric and volumetric methods. 


Data on the extraction of iron and aluminum 
from the soil samples investigated are given in 
Tables 2-7. 


Table 2 shows that: 1) the Tamm, Stefano- 
vits, and Deb method extract different amounts 
of Fe from free iron compounds. Tamm's 
reagent was the most active in the majority of 
cases. 


2) Neither of the methods extracts the entire 
iron contained in the sample studied. Less than 


2 This is possibly determined by the pH of the 
reagents used (Table 1). 


ry ee ea 
Tamm (27, | Oxalate buffer Twofold treatment of soil with 
28) the oxalate buffer for 30 min 
at room temperature 
Drozdov? H,S Weakly Passing a stream of H,S through With large 
(21) alkaline the soil suspension at 80°C for amounts of 
30 min. The sulfides formed are Fe treatment 
dissolved after H,O, and H,SO, is repeated 
are added 2-3 times 

Drozdov H,S Same Same. The sulfides formed are Same 

and Truog dissolved in 0.05 N HCl at 80- 

(22, 23) 90°C 

Truog and | H,S (as a result of - — = 

others (29) | the interaction of 
oxalic acid and 
Na,S) 
Jeffries H, (as a result of _ Boiling the soil suspension with With large 
(24) the interaction oxalic acid and an aluminum rod amounts of 
of oxalic acid for 20 min.; addition of H,O. Fe, treat- 
and metallic Al) HCl and further boiling for % min ment is re- 
to dissolve the sulfides peated 2-3 
times 

Allisonand | Sugar solution Anaerobic reduction of iron com- -- 

Scarseth pounds (to convert Fe into an 
(18) easily soluble form) 

Dion (20) H, (as a result of _ Heating of the soil with water at With large 
the integration 40°C for 20 min, with Na tar- amounts of 
of Na tartrate trate and an aluminum rod for Fe the treat- 
and metallic 15 min and with 0.05 N HCl for ment is re- 
Al) 3 min (for dissolving the sul- peated 

fides formed) 

Deb (19) 4%-5% solution 2.9-3.5 Heating the soil suspension with Same 
of Na,S,O, an Na,S,O, solution for 30 min 

at 40-45°C: then with 0.02 N 
for 5 min at room temperature 
(to dissolve the sulfides) 

Aguilera, Na,S,0, 7.3 Heating the soil sample with a Wy 

and Jack- 0.3 M solution of sodium citrate 

son (17) (or with the addition of trilon B) 
at 90°C for 5 min and with 1 g 
of Na,S,O, for 10 min 

Mitchell 4% solution of 5.8-6.0 Twofold treatment of the soil nn 

and Mac- Na,S,O, in a 0.3% suspension with an Na,S,O, 
kenzie solution of NaOH solution at 40-50°C for 15 
(25) min (with intermediate and 
final treatment of the sample 
with 0.05 N HCl for 3 min at 
room temperature) 
Stefanovits Boiling the soil with the reagent -- 
(26) for 3 min, filtration, and 5-fold 


1.G. TSYURUPA 


Table 1 


Existing methods of extracting free iron from soils and clays 


washing of the sample in a funnel 
with 1 N KCl 


4There is a modification of this method by Firsova (16). 


half of the iron is extracted even from freshly 


pounds of the iron oxide and hydroxide group 


precipitated amorphous Fe(OH),. 


3) The amount of Fe extracted by the Tamm 
and Stefanovits methods decreases noticeably 
as the degree of crystallization of the com- 
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increases, 


The opposite is true of the Deb method. 
Thus, 37.7% and 17.8% of the total content of 
FeO, are extracted by the Tamm and Stefanovits 


FREE IRON OXIDES 


Table 2 


Comparative data on the extraction of iron from various compounds of the Fe oxide and 
hydroxide group (average from 2-3 determinations) 


Fe,O, extracted 


mg/100 g of sample % of total content 


Samples investigated 


Stefano- 
vits 


T Stefano- 
amm Deb Tamm Rite Deb 


Freshly prepared Fe (OH),, dried 
at 18°C 


15754 | 2050 


J Uotl 17,8 743) 
pemeena| © 24 259] 15 460 |Notd ;, 
iki old Fe(OH),, dried at ed peice oe af 
P 3 15558 | 13045 ' 41640 36,6 15,1 
eee 3 1 eae a 26 586 Not det'd. 27,6 _ ee 
n e 
Hydrogoethite, Urals, Bakal : Aes - ier : re EL an a6 
Hydrohematite with an admixture of : i : 
geothite, Azerbaydzhan 66 933 6 
Hematite, Ukrainian SSR, Krivoy Rog a : We 3 AS; hos ag a 
Note: Comma represents decimal point. 
Table 3 


Comparative data on the extraction of iron and aluminum from various clays and mineral- 
alumosilicates (average of 2 determinations) 


Extracted Fe,O, Extracted Al,O, 


% of total 
content 


mg/100 ¢g of % of total 
sample content 


mg/100 ¢ of 
sample 


Samples investigated 


Stefano- 
vits 
Stefano- 
vits 


Bentonite clay, Oglanlin 
deposit 45} G4" 415 Se 30)54,01° 8,6) 2a2| 2316 oS aide G. 
Nontronite, Northern 

Kazakhstan 252) 390|Not det) 4,8] 7,41 — | 42) 27/Notdetd]o,4 |0,07) — 


Kaolin clay, Prosyanov 


deposit 42} 23) 342 | 1,8} 3,51/51,8) 45) 92) 28 |0,0410,2410,08 


Kaolin clay, Mariupol' 


deposit 8| 22] 240 4,5) 4,4]45,3}] 42) 84 
Ferrihalloysite, Anatol- 
iya deposit 874] 690|Not deta] 4,0] 3,2) — | 354] 250\Not detd|2,8 |2,0 


Muscovite, Irkutsk 
Oblast', Mam deposit 393] 94) 205 16,7] 3,8] 8,7} 463) 232) 4172 |4,3 |0,67/0,50 
Biotite, Urals, Vish- 
nevyye mountains 747512409] 2633 |39,3]12,3]13,5/3050| 305] 67 |14,3/4,43/0,38 


Microcline, Karelo- 


Finnish ASSR, Chupa 228} 2418] 302 |50,6)48,4/64,3) 54) 24) 72 |0,25/0,1010,34 


Note: Comma represents decimal point. 


method, from freshly prepared, amorphous extracted from partly crystallized hydrogoethite, 
Fe(OH), (typical example of the free and mobile and 0.06% and 3.5% of the Fe,O, are extracted 
form of iron), 3.2% and 3.6% of the Fe,O, are from fully crystallized hematite (typical example 
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Table 4 


Extraction of Fe from compounds of the iron oxide and hydroxide group with various 
methods of treatment (average from 2-3 determinations 


Fe,O, extracted 


Samples mg/100 g of sample % of total content 
investi- Method of treatment 
gated Pantin 


Stefa tefan- 
ont Deb Bh ont Deb 


Freshly 3-fold extraction | First | 33244 44979 2.050 37,7 | 16,9 Bos 
prepared Second 45461 | 412144] 41070 | 17,5 | 12,7 | 12,5 
Fe(OH) , Third] 4638 |10951| 4674 | 5,3 | 12,4] 5,4 

Total 


53 340 srs 47794 60,5 42,0 20,2 


Same, Same 21 259 | 15560] Not detd. | 22,4 | 16,0; — 
heated at 49326 |11309; " 20,4 | 11,7} — 
140°C A21369 ee 2292) | ee 12,9 ’ am 


39062 Not detd. 


52 954 


|First | 34558 /43045| 4640 | 36,6] 15,1] 1,9 

old Second 20929 |42852] 5166 | 24,3] 14,9| 6,0 
Fe(OH), Third | 14449 [14688] 6888 | 16,4 17,5 | 8,0 
| Total | 66606 4585 43 694 7.3 47,5 | 45,9 


/ Commer-) “Double amount of reagent|Not det, | 6571 [Notaeta.| — | 6&8] — 


Double amount of reagent|Not deta. | 6571 [Not detd. | = 


cial Fe bn i en 
(OH), Triple time of integra-  |Not det. | 7924 |Notdetd.| — 8,2; — 
tion 
3-fold extrac-  |First 8169 | 4875| 2460 | 8,4] 5,6] 2,6 
tion Second] 5843 | 3682] 4674 6,0} 3,8] 4,8 
Third 4564 3865] 7624 beled be @deeh |] wa fhgtd) 
Total | 15443 12 | 14758 , 16,0] 43,4 | 15,3 
Hydro- Double amount of reagent [Not det. | 2076 Not det. | == | 2,4 | = 
hematite, 
A bay- | Tri i i - : 
ee ay alg time of interac Not det. 2492 Not det'd. | PaO) —_ 
3-fold extraction |First 6677 | 14933} 6765 6,7 | 1,9] 6,8 
econd} 5315 | 4773] 11808 | 5,4] 4,7 | 12,0 
hird 14993 | 1163} 8856 2, Oviedo be9.0 
Total | 13.985 | 4.869| 27 429 | 14,4 | 4,7 | 27.8 
Hematite, | Double amount of reagent [Not deta. | 296 bot det. | = | 0,2 | 
Ukrainian) sass 
SSR, Kri- Triple ti f inter- — = 
eueRoe a ae bat aed hot aeta.| Bee [Not act | a | 
3-fold extraction | First 60 | 305 3,4 
Secon 30 | 134 4,9 
Third | Traces | 447 7,9 
Total 5,8 


Note; Comma represents decimal point. 
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Table 6 


Results of experiments on the extraction of Fe and Al b i 
> y the Deb method from e 
samples of various artificial preparations and natural maineeais koe 


Total 
Samples investigated 


content, taken, 


% 


He5O Sample 


g 


Fe,O Fe,O, extracted | Al,O, extracted 


3, 
content in 


sample, 
mg 


Freshly prepared 
Fe(OH), 88,415 0,56 300 272 94,9 — — 
eon i 
ie 3 86,10 0,58 900 64 _ 
Commercial Fe(OH), 96,35 0,52 500 o78 e3'6 -— = 
Hydrogoethite 965300 1mm .0, 524 0m 500 [318401 80. 72m] meen amt 
Hydrohematite 98,40 054500 18182. | 8 36 -5ee eee =, 
Bete 400 0,50 500 86 ATES — = 
‘Soper ae 4,36 37 500 72 14,9 420 0,87 
yanov kaolin 0,66 60 500 305 61,0 60 0,15 
Muscovite 2,35 | 24 500 | 76 | 45,3 | 154] 0,45 
iotite 49,49 | 2,5 500 | 417 | 23,2 | 240 | 4.4 
Microcline 0,47 107 500 254 50,8 68 Ons 
Note: Comma represents decimal point 
100 
| we 
} a as 
ear ca 
" | f ae 
= 4 = 
Ble b - 
3 : / Sa 
3 65 | } bic 
Be 
ap 6 | F ee 
an 
3 45u} 
4 Me 
* 4 
o BH! 
oh 
cg 4 Ili 
I 
15 ts & 
4 
5 x 
? fasts eo 
fg aI Gee OE Is Is 7 eI 2d 258 a7 3 
Time from the beginning of experiment (days) 
Pics lin > irew extraction from artificial and natural non-silicate Fe compounds 


with a 1 N eee 


1 - Fe humate; 2 - freshly precipitated Fe 


0H)3; 3 - Commercial Fe(0H)3; 4 - 


hydrogoethite; 5 - limonite; 6 - hydrochematite; 7 - hematite. 


of the free form of iron, insoluble under nor- 
mal conditions). Using the Deb method 2.3%, 
1.5%, and 3.5% of the total iron are extracted, 
respectively, from these samples. 


After amorphous Fe(OH), is heated at 140- 
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150°C, i.e., after dehydration and partial 
crystallization, the extraction of iron by the 
Tamm and Stefanovits reagents decreases 
noticeably. 


Table 3 shows that: 1. A considerable amount 
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Table 


ia 


Results of the treatment of various minerals and soils with 1 N H,SO, until 
the full cessation of iron separation 


Samples investigated 


content 
Freshly prepared, amorphous Fe(OH), | a | 400,0 


Commercial Fe(OH), 


Limonite, Urals, Khalilove | = fh 
Hydrogoethite, Urals, Bakal | — Die 


Hydrohematite with an admixture of goethite, 


Azerbaydzhan 


Nontronite, Saysk deposit 


Biotite, Urals, Vishnevyye Mountains 


Various podzolic soils, Karelia, Profiles 58, 132, 


and 538, A.A. Marchenko 


Moderately podzolic sod soil, Yaroslav 
Profile 8, M.M. Abramova 


Red earth, Chakva, Profile 23, S.N. Starykh 


C | 
Cc 
Thick chernozem, Kursk reservation, Profile 2, A 49,6 
Ye. A. Afanas'yeva C 84,0 


Note: Comma represents decimal point. 


of iron is extracted by means of the methods 
studied from various aluminosilicates. 


2. Less aluminum is extracted than iron 
(even though the total Al content in the samples 
investigated is several times higher than the 
Fe content). 


3. Iron is most energetically extracted by 
the Deb method, and aluminum, by the Tamm 
method. 


A comparison of the data in Tables 2 and 3 
shows that the intensity of iron separation from 
silicates is the same as from free Fe com- 
pounds. However, it must be emphasized that 
the separation of iron from its free compounds 
and from silicates is of a basically different 
nature. Fe hydroxides are amorphous, as a 
rule (5), and dissolve in the same manner as 
simple salts. The lattice of crystalline, free 
iron oxides consists of oxygen and iron ions 
(usually with insignificant admixtures of other 
elements), alternating in a definite order. In 
hematite, the extreme member of this series, 
each Fett+t is surrounded by 6 O--, while 
each O-- is surrounded by 4 Fet++ (5). In such 
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Amount of 
: iron ex- 
Genetic | tracted in 
horizons % of its 
total 


65,8 


4(K),0 
72,6 
100 ,0 
92,3 


Oblast’, 


La 


a lattice all iron ions have the same energy 
and their extraction is actually analogous to the 
dissolution of salts. 


The structure of silicates and aluminosili- 
cates is considerably more complicated. The 
main structural unit of silicates consists of 
oxygen silicate tetrahedra [SiO,|~~~~, bound 
in various combinations by their angles (5). 
The Sitt*t in these tetrahedra may be iso- 
morphously replaced by Alt+*+ and Fett*, There- 
fore, aluminum and iron in silicates are either 
surrounded by four O--, or may occur in the 
form of individual ions, neutralizing the charge 
of the anion layer. 


In the majority of clay minerals — alumino- 
silicates, the main member of the crystal lattice 
are oxygen silicate tetrahedra and alumino- 
silicate octahedra (9). In kaolin minerals the 
charges of each structural element are 
equilibrated, while the isomorphous replace- 
ment of Al+++ by Fet++ and other elements is 
very weak. Isomorphous replacements of the 
Sitt*t of tetrahedral layers by Alt*+, and of 
the Al**+ of octahedral layers by Mg*t, Fett+, 
and other elements are widespread in 
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montmorillonite minerals. The aluminum of 
the tetrahedral layer cannot be replaced by 

iron or another cation, while the aluminum of 
the octahedral layer may be fully substituted. 
Isomorphic replacement unbalances the lattice 
of montmorillonite minerals and increases their 
exchange capacity. 


Because of such a lattice structure of sili- 
cates and aluminosilicates, part of the alumin- 
um ions are strongly bound, whereas iron 
ions are bound less strongly and separated 
more easily under the influence of various 
reagents. The process of Fe*t* and especially 
Al+++ separation from these minerals as such 
is governed by crystall-chemical laws and has 
no analogy with the process of dissolution. 


The data in Tables 2 and 3 show that the 
Tamm, Stefanovits, and Deb reagents only 
partially dissolve free iron oxides (even 
amorphous products), but at the same time 
extract Fe and Al which form part of the cry- 
stal lattice of silicates. The fact that clay 
minerals are partially decomposed when free 
iron oxides are removed from soils and clays 
is mentioned in the work of Deb (19), Mitchell 
and MacKenzie (25), and Dion (20), but these 
authors did not determine the intensity of the 
process of decomposition. Silicates are most 
strongly decomposed by the Tamm reagent; a 
noticeable amount of SiO, from them enters 
the Tamm extract. An especially large amount 
of silic acid separates from muscovite, up to 
8.6% of its total content in this mineral. 


The data obtained prompted us to repeat the 
extraction of iron and aluminum from the 
samples studied under a more rigid treatment 
with the Tamm, Stefanovits, and Deb reagents. 
The results of these experiments are given in 
Tables 4 and 5, They allow the following con- 
clusions to be made: 


1. By increasing the amount of the reagent 
or the time of its interaction with the samples 
studied (especially with compounds of the Fe 
oxide and hydroxide group), considerably more 
iron is separated than on treatment strictly 
according to the Tamm, Stefanovits, and Deb 
methods. The three successive treatments of 
one and the same sample is even more effec- 
tive (using in each treatment the amount or rea- 
gent and time recommended by these authors). 
However, a more rigid treatment does not lead 
to the full separation of iron. Thus, the max- 
imum amount of Fe separated by the three 
successive treatments with the Tamm, Stefano- 
vits, and Deb reagents reaches 77%, 47%, 
and 20% for weakly crystallized Fe(OH),; 14%, 
4%, and 27% for hydrohematite; and 0.1%, 0.6% 
and 16% for hematite. 


2. The maximum amount of iron is extracted 
during the interaction of Fe oxide and hydroxide 
compounds with the Tamm reagent in the first 
treatment; later the separation of iron gradually 
decreases. During the interaction of the same 
samples with the Deb reagent (and partly the 
Stefanovits reagent) more iron separates after 
the second and even the third treatment. Ap- 
parently the Tamm reagent acts more rapidly 
and more energetically than the Stefanovits 
and Deb reagents. The latter is especially slow 
and dissolves free iron (and even amorphous 
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hydroxide). 


It is interesting to note the close amounts 
of iron (15%, 20%, and 27% of its total content) 
separated from all artificial and natural free 
Fe compounds investigated after a threefold 
treatment with the Deb reagent. The degree 
of crystallization of free iron has little 
effect on its solubility in the Deb reagent, while 
in the case of the Tamm and Stefanovits rea- 
gents, crystallization plays the decisive role. 


3, The separation of iron from kaolin clays, 
nontronite, and microcline ceases during the 
first treatment. The extraction of Fe from 
bentonite clay, ferrihaloysite, and micas is 
very prolonged and repeated treatments yield 
a considerable additional amount of iron. 


The separation of aluminum from nontronite 
and kaolin clays also practically ceases during 
the first treatment. Repeated treatments yield 
noticeable and sometimes even increasing 
amounts of Al from the other silicates. The 
increase of the intensity of aluminum separa- 
tion during repeated treatments points, ap- 
parently, to the "loosening" and gradual com- 
position of the crystal lattice of the minerals. 


Table 6 shows the results of the extraction 
by the Deb method of Fe and Al from samples 
containing the same amounts of iron (500 mg 
Fe,O,). These data fully confirm the results 
of the preceding experiments and show that iron 
separates with the same intensity both from 
silicates and from free iron compounds. 


Thus 52%-55% of the total amount of iron 
separated from Fe(OH), and 51% and 61% from 
microcline and kaolin clay. The amount of iron 
extracted from hematite was 17.2% and from 
bentonite clay and muscovite, 14% and 15% re- 
spectively. 


Thus we found no basic difference between 
the action of the Deb reagent on free iron 
compounds and silicates. 


From 1952-1954 the author of the present 
article studied the influence of the degree of 
crystallization of various artificial and natural 
iron compounds on their solubility (15). As 
solvent he used 1 N sulfuric acid. The main 
results of this investigation are given in Table 
7 and in Figure 1. 


The data show that 1 N sulfuric acid practi- 
cally does not decompose the natural minerals 
of the iron oxide and hydroxide group, but ex- 
tracts Fe well from soils (apparently from 
secondary formations of a type such as described 
by Aarnio [1], Antipov-Karatayev [3], Tyulin [12- 
14], Ponomereva[10], Aleksandrova [2], and other 
authors) andfrom clay minerals witha layered type 
of structure. A decrease inthe concentration of 
H,SO, (and HCl) solutions sharply reduces their ef - 
fectiveness, even inthe case of artificial amorphous 
Fe(OH),, The method used by us to obtain 
sulfuric acid extracts is very simple: the sam- 
ple investigated (1-20 g, depending on the 
nature and composition of the sample analyzed) 
is washed in funnels with a 1 N solution of 
H,SO, until there is no reaction to iron in the 
filtrate, Then aliquot parts of the extract are 
taken and Fet+ and Fe"+t are determined in 
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them by the usual colorimetric or volumetric 
methods. 


Conclusions 


1. The methods of Tamm, Stefanovits, and 
Deb are not equal in their action; different 
amounts of iron and aluminum are extracted 
by them from one and the same sample. 


2. The reagents used in these methods only 
partly dissolve free iron (even amorphous 
forms), but at the same time they separate 
considerable amounts of silicate Fe. The 
intensity of iron separation from the samples 
of free Fe and silicates investigated is prac- 
tically the same. 


3. Aluminum separates less easily from 
silicates than iron, a fact which is easily ex- 
plained by the structure of the crystal lattice of 
these minerals and the unequivalent position of 
Al+++ and Fet+++ in it. 


4, The Tamm reagent separates Fe inten- 
sively from amorphous or weakly crystallized 
free iron compounds and Al from silicates, 
but hardly affects well-crystallized forms of 
free iron. The Deb method has practically 
the same effect on amorphous and crystal- 
line compounds of the Fe oxide and hydroxide 
group and extracts iron energetically from the 
soil, but hardly affects Al. The Stefanovits 
method occupies an intermediate position be- 
tween the Tamm and Deb methods (it is closer 
to the Tamm method). 


5. Because of the selective action of the 
Tamm, Stefanovits, and Deb reagents on vari- 
ous groups of free iron compounds, these 
methods should be differentially used for 
various soils (i. e., the method of extracting 
Fe from a given soil must be selected taking 
into account the characteristics of its chemical 
and mineralogical composition). 


It is best to use the Tamm reagent, which 
acts intensively precisely on amorphous and 
weakly crystalline Fe compounds, for soil 
rich in amorphous and easily available com- 
pounds (bog, gleyed, and podzolized soils). 
The Deb reagent, which dissolves amorphous 
as well as crystalline Fe oxides equally well, 
is better suited for soils rich in well-cry- 
stallized free iron compounds (red earths, and 
laterites). 


6. To separate the amorphous and silicate 
forms of soil iron from free crystalline (non- 
silicate) Fe it is best to use extracts made 
with a1 N solution of sulfuric acid. 


7. It is imperative that studies be con- 
tinued on the forms of Fe and Al in soils and 
methods of extraction with reagents of various 
types: 


a) capable of extracting the total amount of 
mobile forms of iron and aluminum (without 
separation into non-silicate and silicate forms) 


and b) capable of reliably separating free : 


(non-silicate) and silicate forms of sesquioxides 


and determining the content of each of these 
forms. The most promising reagents for the 


foregoing purposes are, apparently, chelators 
with various energies of chelation. 


10. 


ale 


13 


14, 


. AARNIO, V.O. 1915. 


. VERIGINA, K.V. 1953. 
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USE OF ION EXCHANGE RESINS 


FOR THE QUANTITATIVE DETERMINATION OF MICROELEMENTS 


IK. TSITOVICH, Kuban Agricultural Institute 


The existing methods of quantitatively deter- 
mining micro-elements in biological samples 
and especially in soils are complicated by 
chemical treatments for the separation of ad- 
mixtures and are rather cumbersome. The 
determination of available cobalt in the soil by 
the Peyve method (6) involves the composition 
of colored compounds of trivalent iron (and 
other elements) before colorimetry. Accord- 
ing to Bamberg (2), investigation of copper 
and zine needed by the soil requires the pre- 
liminary separation of iron in the form of phos- 
phate, In determining nickel in biological ma- 
terials one must precipitate 3 times with am- 
monia to remove the hydroxides of trivalent 
metals; trivalent iron must be separated before- 
hand to determine small amounts of cobalt and 
copper in soils (as well as in animal and plant 
organisms) according to Malyuge. When deter- 
mining copper in soil extracts by the Scharrer 
and Kuhn method, one must remove the color 
of trivalent iron compounds by reduction with 
titanium trichloride. Large amounts of trivalent 
iron also interfere with the determination of 
manganese in soils and other biological samples, 
according to Lavrykhina (4). 


To determine quantitatively micro-elements 

(Cu, Co, Ni, Mn, Zn) in soils, salt and es- 
ecially hydrochloric acid extracts are used 
4), Peyve recommends that cobalt available 
to plants be extracted from the soil with 10% 
hydrochloric acid, and available copper with 1-N 
hydrochloric acid (6). Bamberg points out that 
weak (0.01-N) hydrochloric acid extracts are 
suitable for determining the need of soils in 
copper and zinc (2). Therefore, on the basis 
of our own data on the state of elements of the 
fourth period in hydrochloric acid solutions (8) 
and also on the basis of the data of other 
authors (1,5), we studied the possibility of 
the chromatographic separation of bivalent 
cations, which are the microelements, from 
trivalent cations, in particular from the iron 
ion which interferes with the determinations. 


Materials and Methods 


For this purpose we studied the comparative 
sorption by ionites of iron (III), manganese (II), 
cobalt (II), nickel (II), and copper (II) in solu- 
tions with hydrochloric acid concentrations 
from 0.1 to 8 N. 


As ion exchange resins we used the strongly 
acid, monofunctional cationites KU-2 and SBS, 
and also the strongly acid multifunctional 
cationite KU-1 (Espatite-1). Before the ex- 
periments were begun ionite fractions 0.5-1.0 
mm in diameter were separated, all resins 
were washed of admixtures and converted to 
H-form., 


To be able to compare the sorption of the 
elements we determined their distribution 
coefficients amount,ion exchange resins, and 
hydrochloric acid solutions (1). Exact 
samples of air-dry ionites were shaken with a 
definite volume of the solution investigated 
until equilibrium was reached, Aliquot parts 
of the solution were taken, and the amount of 
element not sorbed by the resin was determined 
colorimetrically: iron and cobalt in the form 
of rhodanites, manganese in the form of per- 
manganate, nickel in the form of dimetylglyoxi- 
mate, and copper in the form of ammoniate 
(3,7). Then the sorbed amount of the element 
was calculated in meq/g of resin and the 
distribution coefficient was determined from 
the formula: 

My v 
2="M—M, ° m? 


where M, is the amount of the element sorbed 
by the ionite, 


M is the total amount of the element in the 
initial solution, 

v is the volume of the solution taken for 
investigation, 

m is the mass of the ionite. 


In all our experiments v = 50 ml and m = 
0.5 g. The initial solutions, prepared from 
chemically pure reagents twice distilled, had 
the following concentrations: 0.1861 mg/ml 
of iron, 0.2794 mg/ml of manganese, 0.2947 
mg/ml of cobalt, 0.2935 mg/ml of nickel, 
and 0.4765 mg/ml of copper. 


Results of the Experiments 


Table 1 shows the sorption of micro-ele- 
ments and iron by various ionites from hydro- 
chloric acid solutions. These data show the 
general picture of the change in the sorption of 
the elements with increasing hydrochloric 
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QUANTITATIVE DETERMINATION OF MICROELEMENTS 


Table 1 


Comparative sorption of microelements by cation exchange resins from hydrochloric 
acid solutions 


Normality of 


Sorbed meq/g of resin 


the HCl 
solution Fe Mn | Co | Ni Cu 
AAA AAA ee 
KU-2 cationite 
0,4 0,973 0,750 0,744 0,719 4,1553 
0,5 0,527 0,186 0,247 0,280 0,067 
4 0,0075 0 0 0,0557 0,044 
2 0 0 0 0 0 
4 0 0 0 0 0 
8 0 0 0 0 0 
SBS cationite 
0,4 0,914 0,430 0,420 0,620 0,725 
0,5 0,334 0,131 0,240 0,224 0,117 
4 0,050 0,0247 0,050 0,153 0,102 
7 (0) 0 0 0,083 0 
4 0 0 0 0,056 0 
8 0 0 0 — 0) 
KU-1 cationite 
0,4 0,890 0,334 0,384 0,652 0,595 
0,5 0,371 0,0217 0,190 0,156 0,047 
4 0,142 0 0,0193 0,10 0,0406 
2 0 0 0 0,092 0 
4 0 0 0 _ 0 
8 0 0 0 — 0 


Note: Comma represents decimal point. 


cid concentration. All elements are sorbed 

yy cationites to a considerable degree from 
-elatively diluted hydrochloric acid solutions 
0.1-0.5 N). As the acidity of the solution in- 
rreases, the sorption of the elements decreases 
‘apidly, even though to a different degree for 

he various microelements. With a hydrochloric 
cid concentration of more than N there is prac- 
ically no sorption of ions by cationites (with 

he exception of the adsorption of nickel by 

he SBS resin). 


The exchange capacity of ion exchange 
esins in hydrochloric acid solutions is not 
qual: micro-elements and iron are best ad- 
orbed by the monofunctional cationite KU-2 
nd adsorbed least by the multifunctional ca- 
ionite KU-1. 


Table 2 gives the distribution coefficients 
f iron (III), manganese (II), cobalt (II), nickel 
II), and copper (II) between the hydrochloric 
cid solutions and ion exchange resins. 


A comparison of the distribution coefficients 
hows that under all hydrochloric acid solu- 
ions concentrations (from 0.1 to 1.0 N by HCl) 
he trivalent ionic iron is collected more effec- 
ively by the cationites than the bivalent micro- 
lement ions. This difference is especially 
harply pronounced during the adsorption of 
yns by the resins from the 0.1 N and 0.5 N hy- 


455 


drochloric acid solutions. 


The ratios of the distribution coefficients 
proved to be largest for iron and manganese 
when adsorbed by the KU-1 cationite from the 
0.5 N hydrochloric acid solution; for iron and 
cobalt when sorbed by the KU-1 resin from the 
0.1 N solution; for iron and nickel when ad- 
sorbed by the KU-2 cationite from the 0.1 N 
solution; and for ion and copper when sorbed 
by the KU-1 ionite from the 0.5 N hydrochloric 
acid solution. 


These data doubtlessly point to the possi- 
bility of the quantitative separation of iron from 
any investigated microelement by means of 
column chromatography. By using the KU-2 
cationite, one may separate trivalent iron 
from all bivalent microelements simultaneously. 
Proceeding from this we conducted experiments 
with artificial mixtures on the separation of 
iron from microelements. 


To separate manganese (II) from iron (II) 
we proceeded in the following way: columns 
10 cm high and 1 cm in diameter were filled 
with the KU-1 cationite in the H-form, washed 
with a 0.5 N solution of hydrochloric acid, and 
introduced into the investigated solutions (0.5 N 
by hydrochloric acid) containing iron and man- 
ganese in various ratios. Then the columns 
were washed with 0.5 N hydrochloric acid at a 
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Table 2 


Distribution coefficient of micro-elements between hydrochloric acid solutions and cation 
exchange resins 


Normality; @Fe gFe gFe 
of the HCl aa rena 
solution 
KU-2 cationite 
0,1 3726,06 | 292,95 | 286,54 | 256,12 ; 335,44 | 12,74 [13,00] 14,47) 11,10 
0,5 414,88 22,45 32,09 40,03 4,76 4,98 | 3,48| 2,79} 23,50 
4 0,75 0 0 5,90 0,74 _ — O12 1b 420t 
2 0 0 0 0 0 = — — a 
4 0 0 0 0 0 — = = — 
8 0 OO Oign S45 0 = = a = 
SBS cationite 
0,1 4007 ,07 72,46 74,89 | 169,01 98,65 | 43,89 113,44] 5,95} 10,75 
0,5 49,47 44,79 31,62 29,04 8,46 3,04 121396.1)-45 70 ht. Ge 
4 4,79 2,49 4,72 21,07 7,43 4,92 | 41,01} 0,22} 0,64 
2 0 0 0 9,14 0 — so a ~—_ 
4 0 0 0 9,92 0 — = = — 
8 0 0 0 2,28 0 at Tt Se ee 
KU-1 cationite 
0,4 877,41 49,98 61,73 | 187,76 65,76 | 417,97 |414,24| 4,67] 13,34 
0,5 59,19 2,49 49 ,18 18,49 3,27 | 27,02 | 3,08| 3,20| 18,09 
4 16,641 0 1,97 10,54 4,47 _— 8,43] 1,57| 11,29 
2 0 0 0 10,16 0 at ae — 
4 0 0 0 os ) = = Be — 
8 0 0 0 = 0 aE = = — 
Note: Comma represents decimal point. 
Table 3 


Separation of manganese (II) from iron (III) by means of KU-1 


Volume of 0.5-N 


| Volume of 4-N 


Mn: Fe Mntaken,! HCl used on Mn found,}Fe taken, HClused on Fe found 

ratio mg | removing man- mg mg removing iron, mg 
ganese, ml ml 

: 1000 0,005 150 0,0047 9,0 290 4,9825 

: 1000 0,005 150 0,0048 9,0 250 4,8955 

74 0,005 150 0,0049 0,005 100 0,0049 

o4 0,005 450 0,0048 0,005 100 0,0050 

000 :4 5,000 300 4,9355 0,005 100 0,0045 

000 : 4 59,000 300 4,8948 0,005 100 0,0046 


Note: Comma represents decimal point. 


rate of 1 ml/min to remove the manganese; the 
filtrate did not give a reaction to iron (II) 

with ammonium rhodanide, For the following 
removal of the iron we used 4 N hydrochloric 
acid, The results of the separation are given 
in Table 3, 


The method of separating copper from iron 
by means of the KU-1 cationite was analogous 


456 


to the foregoing; the results of the separation 
are given in Table 4, 


At a ratio of 1:10, the filtrate, obtained as 
a result of the washing of copper with 0.5 N 
hydrochloric acid, contained traces of iron. In 
the case of the separation of mixtures of 
copper and iron or a ratio of 1:1 or 1000:1, 
there is no penetration of iron into the filtrate 


QUANTITATIVE DETERMINATION OF MICROELEMENTS 


Table 4 


Separation of copper (II) from iron (III) by means of KU-1 


Volume of 0,5-N 


Cu taken, HCl used on 


mg emoving copper, 
ml 


Note: Comma represents decimal point. 


Cu found, | Fe taken, 
mg mg 


Volume of 4-N 
HCl used on 
removing iron, 
1 


Table 5 


Separation of cobalt (II) from iron (II) by means of KU-1 


Volume of 0.1-N 
HCl used on 
removing cobalt, 

ml 


Co taken, 
mg 


.Co found, | Fe taken, 
mg 


Volume of 4-N 
HCl used on Fe found, 
mg Ae hae iron, mg 


Note; 


Comma represents decimal point. 


uring the washing of copper. 


To separate cobalt (II) from iron (III) a 
olumn 10 cm high and 1 cm in diameter was 
lso filled with the KU-1 cationite in the H-form, 
ut was washed with 0.1 N hydrochloric acid, 
-on and cobalt at various ratios were applied 
) the column in the form of 0.1 N hydrochloric 
cid solutions. Then the column was washed 
ith 0.1 N hydrochloric acid at a rate of 1 
11/min to remove the cobalt. The iron was 
emoved with 4 N hydrochloric acid. The 
esults of the separation are given in Table 5, 


A 0.1 N solution of hydrochloric acid prac- 
cally does not remove any iron (III) from the 
olumn; there was no iron in filtrates containing 
balt. 


Conclusions 


1. It has been shown that it is possible to 
sparate iron (III) from manganese (II), cobalt 
t, nickel (II), and copper (II) microelements 
. hydrochloric acid solutions by means of 
iwtionite columns, The use of cation exchange 
ssins in conjunction with existing methods may 
mplify and facilitate the quantitative deter- 
ination of microelements. 


2. Basic methods have been worked out for 
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separating manganese and iron, cobalt and 
iron, and copper and iron in hydrochloric 

acid solutions by means of KU-1. The separa- 
tion technique could be modified depending on 
the characteristics of the analyzed material. 


The more complicated problem of chroma- 
tographically separating the equivalent micro- 
elements themselves canapparently also be 
solved if their varying tendencies for complex 
formation are used. 


Received November 20, 1959 
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NITROGEN-FIXING BACTERIA IN THE RED EARTH SOILS 


OF GEORGIA 


N. A. DARASELIYA, Institute of Soil Science, Agricultural Chemistry, and Melioration of the 


city of Tbilisi 


One of the characteristics of red earth soils 
in the moist subtropics of Georgia as a habitat 
of plants and microorganisms is their high 
acidity. The pH of these soils is usually 4.5- 
9.5. The pH decreases to 4.0 and even 3.8 in 
tea plantations under prolonged fertilization 
to Which large amounts of ammonium sulfate 
are added every year. ’ 


The high acidity of red earth soils should 
fully exclude the possibility of the development 
of the Azotobacter in them if one considers that 
the optimum pH for this organism, according 
to the majority of authors (12, 13, 17, 18), is 
6.0-8.0. 


In many soil investigations in the subtropics 
the Azotobacter was either not found at all b 
14), or was extremely weakly developed (7, 8). 
However, Kuznetsov (11) found the Azotobacter 
in red earths in compounds prepared according 
(o the method of Vinogradskiy. 


When systematically studying the microflora 


Faliciapeall rs 


- Azotobacter indicum,strain No. 4. 


of red earths we always found the Azotobacter 
on plates of silica gel prepared according to 
Vinogradskiy and using saccharose for the 
source of energy. Moreover, we studied the 
Azotobacter during various periods of the 
growing season in order to determine the dy- 
namics of its development. In preceding in- 
vestigations, which were of an exploratory 
nature, the possibility of the seasonal de- 
velopment of microorganisms in the soil, es- 
pecially that of the Azotobacter as a non spore- 
forming microbe (as pointed out by Mishustin 
[12]), was not taken into account. Our inves- 
tigations showed that the Azotobacter is pres- 
ent in red earth soils in spite of the reaction 
unfavorable to it (5, 6). 


The amount of Azotobacter in red earths 
varies from 10% to 50% of the soil lumps 
cultured in the gel according to Vinogradskiy 
and increases in the root zone of tea plants. 
During the growing period the amount of Azoto- 
bacter does not remain constant, it increases 
in summer and decreases in autumn; in certain 


Fig. 2. - Repression of the growth of 
Azotobacter chroococcum strain No. 6/1 
by spore-forming bacteria. 
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periods it is altogether absent. 


We found various species of Azotobacter in 

red earths: A. chroococcum, A. agile, and 
i ii, but most often a species was 

found which is close to Azotobacter indicum 
isolated by Starkey and Dé (22) from Indian 
soil with a low pH (Fig. 1). The Azotobacter 
isolated from red earth soil is distinguished 
by number of characteristics: slow growth, 
and a copious milk-white, thick slime which 
acquires a pinkish-brown color with time. 


The development of a number of slimy 
Azotobacter colonies was frequently observed 
at a time when no growth appeared on the lumps 
of soil in the gel and at a distance from them; 
it gave the impression that there is a certain 
factor in the soil which suppresses the develop- 
ment of the Azotobacter. To clarify this 
process we analyzed the soils of these lumps 
and isolated a number of soil bacteria cultures. 
Further we investigated the antagonistic prop- 
erties of these bacteria with respect to Azo- 
tobacter cultures by the method of superposition 
of agar blocks (10, 11, 15). 


It proved that certain species of spore-form- 
ing bacteria act antagonistically toward the 
Azotobacter, suppressing its growth (Fig. 2). 
However, this antagonistic action is not the 
same for the various Azotobacter cultures. 


Of the most frequently found strains of soil 
bacteria investigated by us 76.9% were anta- 
gonistic to the No. 6/1 Azotobacter, 69.2% 
to the No. 6 Azotobacter, 61.5% to the No. 7 


Azotobacter, and 15.3% to the No. 4 Azotobacter. 


As Table 1 shows, the most active antagon- 
ists among the soil microorganisms were 
cultures No. 5/0, 5/1, and 5/2; 4 and 20 from 


Table 1 


Antibiotic action of soil microorganisms 
on the Azotobacter 


Test—Azotobacter cultures 


moi | m6 | wz | mea 


eee 
5/20 eee ame gee 
3 —j+]—-]- 
4 etre pace gl ae | tes 
4} +] +] —] — 
20 mag PE ip ce ie 
25 eA pe gg oe 
34 +]}/—/;|—-]-—- 
me Pea) te 
a ofr) e ft) s 
24 +} +14] — 
% | 76.9 | 69.2 | 61.5 | 15.3 


Note: The repression of growth is indi- 
cated by the sign +, and the absence of 
repression by the sign -. 


the Bac. subtilis-mesentericus group, and 
No. 28, one of the species of Fusarium. 


These data explain the constantly observed 
fact that Azotobacter No. 4 is most frequently 
isolated during the analysis of red earth soils, 
while Azotobacter No. 6/1 is found least fre- 
quently in red earths. Apparently this can be 
explained by the fact that the soil contains more 
antagonists to strain No. 6/1 (Azotobacter 
chroococcum) and least antagonists to strain 


No. 4 (Azotobacter indicum). 


To judge of the degree of the antagonistic 
action of soil bacteria with respect to the 
various species of the Azotobacter we mea- 
sured the diameter of the zone of Azotobacter 
growth suppression around the superimposed 
blocks. As may be seen from Table 2, these 
zones reached a diameter of up to 15 mm. 
The largest such zones were obtained for 
Azotobacter species which are least frequently 
found in red earths, while the smallest zones 
were obtained for species most frequently en- 
countered in these soils. 


We often observed the formation of 2 zones 
of growth suppression around superimposed 
blocks of a greater and lesser diameter. This 
points to the biological heterogeneity of the 
Azotobacter cultures. For instance, in cul- 
ture No. 4 (Azotobacter indicum) the first 
zone around the block was completely clear, 
while the second consisted of Azotobacter 
satellites. 


Thus the preferential development of definite 
species of the Azotobacter in red earths is 
governed by the antagonism of certain soil bac- 
teria. Our data fully confirm the opinion of 
Krasil'nikov (10) that the specificity of the 
antibiotic action makes it possible to make a 
rather clear distinction between species of 
microorganisms. After investigating the 
antagonistic properties we were able to es- 
tablish a greater variety of species of various 
Azotobacter strains than before. 


The foregoing data allow us to conclude that, 


in addition to the unfavorable reaction of the 
medium, one of the factors which limits the 


Table 2 


Comparative activity of the antibiotic 
properties of soil bacteria (diameter 
of the growth repression zone, mm) 
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NITROGEN-FIXING BACTERIA 


Fig. 3. - Slimy lump of soil during the isolation of the Azotobacter 
on silica gel; gas bubbles from the butyric acid fermentation caused 
by Clostridium pasteurianum accompanying the Azotobacter can be seen. 


evelopment of the Azotobacter in red earths 
3 the presence of antagonists. 


In addition to the Azotobacter, another nitro- 
en-fixing bacterium — Clostridium pasteurian- 
m is constantly found in red earth soils. Its 
umber reaches tens and hundreds of thousands 
11g of soil. During individual periods of 
aalysis, the slime around the lumps of soil 
} the silica gel according to Vinogradskiy 
as riddled by gas bubbles (Fig. 3); when 
ich a soil lump was placed in a test tube with 
corresponding medium, intense butyric acid 
rmentation developed, while in the sediment 
- the bottom of the tube characteristic Clostri- 
ium cells were found. 


In vegetation-free experimental plots where 
e studied the microflora of red earths, the 
lostridium content decreased when mineral 
rtilizers were applied which decrease the 
4 of the soil; in soils of similar plots where 
a plants were sown, there was no such de- 
rease under the same conditions and the 
lostridium content was more or less stable 
id high during all investigation periods. 


The literature gives numerous data on the 
ide distribution of Clostridium pasteurianum 
soils in general and in particular in soils 
here the Az ter does not develop or 
svelops weakly (3, 4,16,21). Shklyar (19, 20) 
10owed the positive effect of Clostridium on 
e yield of a number of field crops and also 


mfirmed the ability of Clostridium pasteurianum 


develop well under aerobis conditions when 
“own together with the Azotobacter. 


All these data and our observations on the 
ture of the development of nitrogen-fixing 
icteria — Azotobacter and Clostridium, point 
the fact that the latter, being less particu- 
r as to the reaction of the soil and developing 
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in great numbers in red earth soils, may play 
the main role in the fixation of nitrogen in them. 


Received December 23, 1959 
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TRANSFORMATION OF UREA IN THE SOIL 


A. F. KALINKEVICH, All-Union Scientific Research Institute of Fertilizers and Agricultural 


Soil Science 


At the present time it is an accepted fact that 
when synthetic urea is applied to the soil it 
rapidly (within days even) ammonifies under 
the influence of urea-bacteria, secreting the 
ferment urease: 


CO(NH,), + 2H,O = (NH,),CO, 


As a result, this synthetic urea is considered 
as pure ammonium fertilizer. This belief is 
based on extensive investigations by French 
scientists (5,6) and Turchin in the USSR (2, 3, 4). 


On the basis of his experiments and investiga- 
tions, F. V. Turchin concluded that: 'Urea 
rapidly transforms in the soil into the ammonia 
form. Large amounts of urea, exceeding the 
normal field dosage, are fully hydrolyzed in 
the soil within 24 hours" (3-4). Asa result 
Turchin considers urea as ammonium fertilizer. 
However, experimental material on the compar- 
ison of various forms of nitrogen fertilizers 
does not always correspond to such an idea. In 
a number of experiments urea proved to be a 
highly effective nitrogen fertilizer, surpassing 
ammonium bicarbonate. This can occur only 
in the case when it directly serves as a source 
of plant nutriant, i.e., when it does not change 
into ammonium salts for a long time. 


A thorough study of the effectiveness of urea 
when added to the soil caused us to doubt whether 
such a rapid transition, as stated previously, 
of urea into ammonium bicarbonate occurs under 
natural conditions, Are not the results obtained 
in the experiments of Turchin consequences of 
the peculiarities of the method used, which does 
not reflect the processes actually taking place 
in the soil? 


In Table 1 we give the results of soil tem- 
perature observed in 1959, This year was 
characterized by very high air temperatures in 
July-August, reaching up to 40°C and more (1). 
The soil temperature at a depth of 10 cm, where 
the main root mass was located, was 6.9°C in 
April, 12.9°C in May, 20.4°C in July, and 
19.0°C in August. In the experiments of Turchin 
the temperature was 25° -27°C, which is not 
normal for the soil, but an exception. 


In relation to the foregoing we made it our 
task to observe the disappearance of urea in 
the soil at various temperatures, 


Experimental Method 


In our experiments the method differed 
somewhat from that used by Turchin. Instead 
of 150 g of soil for composting we took 6 kg. 
Instead of determining urea from its decomposi- 
tion by urease, which caused great objections, 
we used a chemical method. We used the 
comparatively poor, medium clay loam sod- 
podzolic soil of the Baryba central experiment 
station of the All-Union Institute of Fertilizers 
and Agricultural Soil Science. Before the soil 
(6 kg) was placed into glass pots, we added 
fertilizers to it in the form of solution and 
mixed it well with the soil. We replicated the 
experiment twice. 


Experimental setup: 1. Control; 2. Ammon- 
ium bicarbonate, (NH,),CO,; 3. Urea CO(NH,)>. 


When the pots were being filled, 281 g of 
nitrogen per 1 kg of soil were added in the first 
experiment (Fig. 1) and 257 mg per 1 kg of 
soil, in the second (Fig. 2). The amount of 
nitrogen in the solution was determined before 
it was added to the soil and in water extracts 
from it immediately after the pots were filled. 
The first and second experiments were made in 
order to determine whether there was any urea 
of other forms of nitrogen in the soil which 
could have been determined together with the 
urea. 


The pots were kept at 60% of total moisture 
capacity throughout the experiment. The pots 
were placed in biological thermostats at a given 
temperature. 


Principle of Determination of Urea in the 
Soil. Urea is easily removed from the soil by 
water; a number of other nitrogen compounds, 
in particular a certain amount of ammonia 
also enters the water extract. In the experi- 
ments we separated urea from ammonia by 
means of cation exchange sorbents. When the 
water extracts from the soil were filtered 
through columns filled with cationites, the 
ammonia was adsorbed and urea passed into the 
filtrate, where it was determined. 


Soil samples were taken periodically and 
their water extracts were analyzed giving us 
the possibility of observing the presence of 
urea in the soil from the moment it was added 
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days 
. - Transformation of urea in the soil 
at high temperatures, 


UREA TRANSFORMATION 


to the soil. 


Method of Filling the Columns for Absorption 
of Ammonia from the Water Extract from the 
Soil. A filter consisting of a small amount of 
glass wool was placed in front of the stopcock 
of a 100 ml buret so that the sorbent would not 
penetrate into the extract. The buret was filled 
up to 40 cm with sulfocarbon in the H-form which 
was previously washed with hydrochloric acid 
for 12 hours. 


After that 1.5 liter of a 2% solution of HCl 
were filtered through the columns until there 
was no reaction to iron in the filtrate (test 
with KCNS) and then washed with deionized 
water with a pH of 6.2. Then the sulfocarbon 
was changed from the H-form to the K-form by 
washing the columns with 500 ml of a mixture 
of a 5% solution of KCl + 0.1% KOH to prevent 
the hydrolysis of urea, Then the columns were 
washed with deionized water until the pH reached 
6.2 (according to the method of Alyamovskiy) 
and there was no chloride in the filtrate (reac- 
tion to AgNO,). 


To verify the columns thus prepared we fil- 
tered pure solutions of ammonium bicarbon- 
ate, urea, and deionized water through them. 
No ammonia was found in the filtrate which 
was passed through the columns where the 
solution contained ammonium bicarbonate; it 
had been fully adsorbed by the cationite in 
the columns. 


When the urea solution was filtered through 
the columns it was not adsorbed there and 
fully penetrated into the filtrate. 


The same was observed when water extracts 
from the soil to which ammonium bicarbonate 
and urea were added previously were filtered 
through the columns. There was also no urea 
in the water extracts from the control vessels. 


The water extract from the soil was filtered 
through the columns and washed with water at 
a rate of 1 ml/min per cm? of the area of the 
buret. A prerequisite for the normal operation 
of the columns was the absence of air in the 
sorbent layer. 


Method of Determining Urea in the Soil. A 
borer was used to take soil samples at 3 places 


(a total of 300 g) from a depth of 2/3 of the 

pot at time intervals indicated in the figures. 
After thorough mixing, 2 samples were taken 
from each pot for soil moisture determination 
and 2 samples for urea determinations. Two 
hundred milliliters of deionized water were 
poured over 50 g of soil. The flasks were agi- 
tated for 5 min ina rotator, and then the sus- 
pension was filtered through Gouch funnels. 
Fifty milliliters of the transparent filtrate 
were placed in the columns filled with cation- 
ites (as described previously) and washed 

with deionized water into 250 ml volumetric 
flasks. This amount of solution (filtrate) was 
transferred into Kjeldahl flasks (in conformity 
with GOST No. 2081, 1957) filled with sulfuric 
acid and the urea was hydrolyzed into ammonia 
on gas burners in the same way that a plant 
mass is ashed to determine nitrogen. Then 
the solution was transferred into a volumetric 
flask’and brought to volume. From this, samples 
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were taken for distilling ammonia in the Kjeldahl 
apparatus. 


All data given in the figures are averages for 
2 pots and 2 determinations of ammonia in each 
pot. 


Experimental Results 


Figures 1 and 2 show the results of 2 experi- 
ments. They show that urea disappears ver 
rapidly from the soil at a temperature of 30°C. 
With this the observations made by Turchin 30 
years ago are confirmed, using a modified ex- 
perimental setup and method of determining 
urea, Ata temperature of 15°-17°C, 1/4 
of the urea disappeared from the soil in the first 
24 hrs., and 12/13 on the sixth day, while it 
disappeared completely by the tenth day. 


At a temperature from 10°-12°C, 1/12 of 
the urea disappeared from the soil after 4 days, 
1/2 on the sixth day, 7/8 on the ninth day, and 
the urea disappeared completely between the 
sixteenth and nineteenth days. 


At a temperature of 0°C at night and up to 
17°C during the day 1/12 of the urea disappeared 
in the first day, 1/4 after 4 days, 1/3 after 6 
days, 2/3 on the ninth day, 3/4 on the sixteenth 
day and completely after 22 days. 


Thus, the results of former investigations 
were confirmed by the foregoing 2 experiments 
which showed that urea added to the soil disap- 
pears very rapidly at high temperatures (25° - 
30°C). But such a temperature occurs very 
rarely in nature. As the soil temperature drops, 
the rate at which urea disappears decreases 
sharply. At a temperature from 15° -17°C urea 
disappeared in our experiments on the ninth 
day and at a temperature of 10° -12° by the six- 
teenth day. 


The method used by Turchin and by us does 
not allow one to determine whether urea 
changed into ammonia under the influence of 
urease, or whether it was absorbed by micro- 
organisms and then decomposed by the latter, 
giving ammonia. 


Thus our experiments showed that the trans- 
formation rate of urea depends on soil tempera- 
ture. The higher the temperature, the more 
rapidly does urea disappear from the soil. At 
the normal temperatures observed in the plowed 
layer of the soil, the synthetic urea added to 
the soil is preserved for a long time and its amide 
nitrogen may serve as a direct source of plant 
nutrition. 
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RUSSIAN BIOLOGICAL JOURNALS 


The American Institute of Biological Sciences, under a grant from the National Science 
Foundation, is currently translating and publishing seven Russian research journals in biology. 
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